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Method and Device for Applying a Plurality of Microdroplets 

onto a Sxibstrate 



5 BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a device and a method for 
10 applying a plurality of microdroplets onto a substrate and in 
particular to such a device and such a method which permit 
the simultaneous application of a plurality of microdroplets. 
The present invention specially refers to such devices and 
methods which are suitable for producing so-called biochips 
15 in the case of which a plurality of different analytes is ap- 
plied to a substrate so as to detect different substances in 
an unknown sample . 

The fact that the genomes of human beings, animals and plants 
20 are deciphered to an increasing extent provides a large num- 
ber of new possibilities ranging from the diagnosis of ge- 
netically conditioned diseases to a much faster search for 
pharmaceutically interesting agents. The above-mentioned bio- 
chips will, for example, be used in the future for examining 
25 food with respect to a large number of possible, genetically 
modified components. In another field of use, such biochips 
can be used for determining the exact genetic defect in the 
case of genetically conditioned diseases so as to derive 
therefrom the ideal strategy for treating the disease. 



The biochips which are suitable for such cases of use nor- 
mally consist of a carrier material, i.e. a substrate, having 
applied thereto a large number of different substances in the 
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form of a raster. Typical raster distances in the array are 
distances between 100 |im and 1^000 ^im. Depending on the re- 
spective case of use, the large number of different sub- 
stances on a biochip, which are referred to as so-called ana- 
5 lytes, ranges from a few different substances to a few 
100,000 different substances per substrate. Each of these 
different analytes can be used for detecting a very specific 
substance in an unknown sample. 

10 When an unknown sample fluid is applied to a biochip, reac- 
tions will occur in the case of specific analytes; these re- 
actions can be detected with the aid of suitable methods, 
e.g. fluorescence detection. The number of different analytes 
on the biochip corresponds to the number of different compo- 

15 nents in the unknown sample fluid which can simultaneously by 
analyzed by the respective biochip. Such a biochip is a diag- 
nostic tool with the aid of which an unknown sample can be 
examined with regard to a large number of constituents simul- 
taneously and purposefully. 

20 

Description of Prior Art 

For applying the analytes to a substrate in order to produce 
25 such " a biochip, three fundamentally different methods are 
known for the time being. Depending on the number of biochips 
required and on the necessary number of analytes per chip, 
these methods are used alternatively. 

30 The first method is referred to as ^^contact printing", a bun- 
dle of steel capillaries filled with various analytes in the 
interior thereof being used for executing this method. This 
bundle of steel capillaries is stamped onto the substrate. 
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When the bundle is taken off, the analytes adhere to the sub- 
strate in the form of microdroplets . In the case of this 
method, the quality of the printed pattern is, however, 
strongly determined by the effect of capillary forces and de- 
5 pends therefore on a large number of critical parameters, 
e.g. the quality and the coating of the surface of the sub- 
strate, the exact geometry of the nozzle and, primarily, the 
media used . In addition, the method is very susceptible to 
contaminations of the substrate and of the nozzles. The 
10 method described here is suitable for use in cases where the 
number of analytes does not exceed a few hundred per sub- 
strate . 

In a second method for producing biochips, the so-called 
15 ^^spotting", so-called microdispensers are normally used, 
which, similar to an ink-jet printer, are capable of shooting 
individual microdroplets of a liquid onto a substrate in re- 
sponse to a respective control command. Such a method is re- 
ferred to as ^Mrop-on-demand" • Microdispensers of this kind 
20 are commercially available from some firms. The advantage of 
this method is to be seen in the fact that the analytes can 
be applied onto a substrate in a contactless manner, the in- 
fluence of capillary forces being then irrelevant. An essen- 
tial problem is, however, that it is very expensive and ex- 
25 tremely difficult to arrange a large number of nozzles, which 
are each supplied with a different medium, in parallel or 
rather in an array. The limiting elements are here the acto- 
rics and the media logistics, which cannot be miniaturized to 
the extent desired. 

30 

A third method which is used at present for producing bio- 
chips is the so-called ^^synthesis method'' in the case of 
which the analytes, which normally consist of a chain of 
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linked nucleic acids, are chemically produced on the sub- 
strate, i.e. synthesized. For delimiting the spatial posi- 
tions of the various analytes, methods are used which are 
known from the field of microelectronics, e.g. lithographic 
5 methods with masking techniques. This synthesis method is by 
far the most expensive one among the above-mentioned methods, 
but it can also be used for producing the greatest variety of 
analytes on a chip, in the order of magnitude of 100,000 dif- 
ferent analytes per substrate . 

10 

SUMMARY OF THE INVENTION 

It is the object of the present invention to provide devices 
15 for applying a plurality of microdroplets onto a substrate, 
which permit microdroplets to be applied to a substrate si- 
multaneously, in a regular pattern, at a reasonable price and 
exactly, as well as a method for use in the production of 
such a device. 

20 

According to a first aspect of the invention, this object is 
achieved by a device for applying a plurality of microdro- 
plets onto a substrate, comprising: 

25 a plurality of nozzle orifices in a dosing head; 

walls for defining a liquid column of a medium to be dosed on 
each nozzle orifice; 

30 a pressure chamber which is adapted to be filled with a 
buffer medium and which is arranged in such a way that said 
buffer medium can simultaneously be used for applying a pres- 
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sure to the liquid-column ends which are spaced apart from 
the nozzle orifices; 

a pressure generator for applying a pressure to said buffer 
5 medium in such a way that a plurality of microdroplets will 
simultaneously be applied onto the substrate through said 
plurality of nozzle orifices; and 

liquid reservoirs for the media to be dosed, which are in 
10 fluid communication with the liquid columns on the nozzle 
orifices . 

According to a second aspect of the invention, this object is 
achieved by a dosing head for a device for applying a plural- 
15 ity of microdroplets onto a substrate, said device compris- 
ing : 

a plurality of nozzle orifices in a dosing head; 



20 



25 



30 



walls for defining a liquid column of a medium to be 
dosed on each nozzle orifice; 

a pressure chamber which is adapted to be filled with a 
buffer medium and which is arranged in such a way that 
said buffer medium can simultaneously be used for apply- 
ing a pressure to the liquid-column ends which are spaced 
apart from the nozzle orifices; 

a pressure generator for applying a pressure to said 
buffer medium in such a way that a plurality of microdro- 
plets will simultaneously be applied onto the substrate 
through said plurality of nozzle orifices; and 
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liquid reservoirs for the media to be dosed, which are in 
fluid communication with the liquid columns on the nozzle 
orifices ; 

said dosing head comprising a substrate having the plurality 
of nozzle orifices in a first surface thereof, having a plu- 
rality of liquid reservoirs in a surface thereof which is lo- 
cated opposite to said first surface, and having fluid lines 
which connect respective nozzle orifices to respective liquid 
reservoirs and at least part of which is defined by open 
trenches formed in said first or second surface, said 
trenches having depth and width dimensions of such a nature 
that a liquid will be retained therein by a capillary effect 
alone . 

The present invention is based on the finding that it is pos- 
sible to apply a plurality of microdroplets simultaneously 
onto a substrate by applying to liquid columns positioned on 
nozzle orifices simultaneously a pressure via a common buffer 
medium- The buffer medium is preferably inert in that a short 
pressure pulse applied via this buffer medium will homogene- 
ously be advanced to the liquid columns of all the nozzles, 
and that, in addition, a mixing of different media applied to 
the nozzle orifices will be prevented, i.e. the buffer medium 
has dosing media-separating properties, 

According to the present invention, the nozzle orifices and 
the nozzles, respectively, can be arranged such that they are 
spaced from one another at the same distance at which also 
30 the fluid droplets are to be applied to the substrate. If the 
nozzles are to be arranged very close to one another, each 
nozzle is preferably connected through a separate media line 
to a larger, outwardly arranged reservoir through which each 
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nozzle and each nozzle orifice can be supplied with a spe- 
cific liquid. If the distances between the nozzles are, how- 
ever, large enough for supplying the nozzles with liquid by 
means of conventional methods, e.g. by means of standard 
5 automatic pipetting devices, the media lines and the liquid 
reservoirs can be dispensed with; the liquid reservoir can 
then be arranged directly above the nozzle. 

In order to apply a pressure pulse to the buffer medium ac- 
cording to the present invention, a diaphragm having an actor 
associated therewith is used in preferred embodiments of the 
present invention. However, the pressure pulse can also be 
produced in any other imaginable way, e.g. by producing by 
means of a chemical or thermal event an excess pressure in 
the pressure chamber in which the buffer medium is contained. 
A tappet with an associated actor can, for example, be used. 
Furthermore, the pressure generating means may comprise a 
compressed-air supply means which is in fluid communication 
with the pressure chamber. 

According to the present invention, the fast pressure pulse 

produced acts homogeneously onto all nozzles and accelerates 
the liquid contained in these nozzles. Hence, microdroplets 
can be ejected from a plurality of nozzle orifices simultane- 
ously. In addition, the buffer medium according to the pres- 
ent invention prevents a mixing of different media, when dif- 
ferent media to be dosed are applied to a substrate. 

According to the present invention, the liquid column on the 
30 nozzle orifices is preferably produced in that the nozzle 
orifice is the outer end of a channel which is adapted to be 
filled by a capillary effect, the liquid column being defined 
in said channel. This channel is then preferably connected to 
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20 
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a liquid reservoir via the fluid connection line in such a 
way that capillary filling of the channel can always be real- 
ized. 

5 According to a third aspect of the invention, the above ob- 
ject is achieved by a method of producing a through-hole hav- 
ing a defined cross-sectional area in the substrate of a dos- 
ing head, said method comprising the steps of: 

10 producing a first elongate trench structure of defined width 
and depth in a first surface of the substrate; 

producing a second elongate trench structure of defined width 
and depth in a second surface of the substrate which is lo- 
15 cated opposite to said first surface, in such a way that said 
first and second trench structures intersect so that an open- 
ing having a defined cross-sectional area is formed in the 
area of intersection. 

20 It follows that the present invention provides by means of 
which microdroplets, in particular microdroplets of biologi- 
cally relevant substances, can be produced and applied onto 
a substrate in a regular pattern. Furthermore, the present 
invention provides a dosing head for such a device for apply- 

25 ing a plurality of microdroplets onto a substrate and a 
method that can advantageously be used in the production of 
such a dosing head. 

Further developments of the present invention are disclosed 
30 in the dependent claims. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

In the following, preferred embodiments of the present inven- 
tion will be explained in detail making reference to the 
5 drawings enclosed, in which: 

Fig. 1 shows schematically a cross-sectional view of an em- 
bodiment of a device according to the present inven- 
tion; 

10 

Fig. 2 shows schematically a cross-sectional view of a 
silicon substrate used in the device according to 
Fig. 1; 

15 Fig. 3 shows schematically a bottom view of the substrate 
shown in Fig . 2 ; 

Fig. 4 shows a top view of the substrate shown in Fig. 2; 

20 Fig. 5 shows a schematic cross-sectional view for explain- 
ing an alternative embodiment of a device according 
to the present invention; 

Fig. 6, 1 and 8 show schematic cross-sectional views of fur- 
25 ther embodiments of devices according to the present 

invention; 

Fig. 9A and 9B show a schematic bottom view and a schematic 
cross-sectional view for explaining an example of a 
30 nozzle orifice embodiment; 

Fig. 10 shows a schematic, enlarged view of a section a in 
Fig. 6; 
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Fig. 11 shows a schematic representation of a liquid reser- 
voir according to one embodiment of the present in- 
vention; and 

5 

Fig. 12 shows a schematic representation for illustrating 
the method according to the present invention for 
producing a fluid opening leading from a front to a 
back of a fluidic substrate. 

10 

DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION 

As can be seen in Fig. 1, the depicted embodiment of a device 
15 for applying a plurality of microdroplets onto a substrate 
consists of a patterned silicon substrate 2, an intermediate 
plate 4 applied to the silicon substrate 2 and a layer 6 
which is applied to the intermediate plate 4 and which has 
formed therein a pressure generating device in the form of a 
20 displacement diaphragm 8. 

To begin with, the structural design of the silicon substrate 
2 will be explained in detail especially with respect to Fig. 
2-4, which each show enlarged views of this silicon substrate 

25 2. As can be seen, a plurality of nozzles having lower nozzle 
orifices 14 are formed in a lower surface of the silicon sub- 
strate 2. The nozzles are preferably of such a size that cap- 
illary filling thereof is possible, and, in addition, they 
are micropatterned in the lower surface of the chip 2 in such 

30 a way that they are exposed relative to the surrounding sili- 
con surface. In the figures, six juxtaposed nozzles are 
shown, a bottom view of the silicon chip 2 with the nozzle 
orifices 14 structured in the lower surface thereof being 
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shown in Fig. 3, where it can be seen that the embodiment 
shown comprises twenty-four nozzles. As can also be seen, the 
nozzles are exposed relative to the surrounding silicon sur- 
face, the surround 24 constituting the outer edge of the 
5 silicon chip 2. In this connection, it should be pointed out 
that the surround in the representation of Fig. 3 is reduced 
in width in comparison with the representation of Fig. 1. 

Above the nozzle orifices 14 of the nozzles, respective chan- 
10 nels 15 are arranged through which a liquid column can be de- 
fined on top of the nozzle orifice 14 in question. The re- 
spective nozzles are connected to media reservoirs 28, which 
are formed in the surface of the silicon chip 2, via media 
lines 26 which can, in particular, be seen in Fig. 4 and in 
15 the enlarged section 22 in Fig. 2. In this connection, it 
should be pointed out that only two media lines 26 can be 
seen in the cross-sectional views of Fig. 1 and 2. As can be 
seen in Fig. 4, twenty-four media reservoirs 28 are connected 
via media lines 26 to the respective nozzles of the silicon 
20 chip 2. 

In the embodiment shown, the media reservoirs 28 are pat^ 
terned in the silicon-chip surface located opposite the noz- 
zle orifices 14. The media reservoirs 28 are preferably im- 

25 plemented such that they can automatically be filled with 
liquids by means of standard automatic pipetting devices. For 
this purpose, these media reservoirs may e.g. have identical 
diameters and they may be arranged at identical distances 
from one another like the chambers of a known 348-well micro- 

30 titre plate. The media lines 26 are preferably implemented 
such that liquids are drawn from the media reservoirs 28 via 
the media lines through capillary forces to the nozzle ori- 
fices 14. The channels 15 of the closely spaced nozzle ori- 
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fices 14 can in this way be supplied via the media lines 26 
with liquid from larger reservoirs 28. Hence, a format con- 
version takes place between the media reservoirs 28 and the 
nozzle orifices 14. 

The nozzle orifices 14 shown may have a diameter of e.g. 200 
fim, and also the media lines may have a width of 200 |j,m. The 
depicted array of twenty-four nozzles can therefore easily be 
arranged at a mutual distance of 1 mm. The limiting factor 
for the number of nozzles which can be arranged in an array 
is the width of the connecting channels which interconnect 
the nozzles and the media reservoirs. These connecting chan- 
nels must be conducted to the outside between the nozzles. If 
the width of these channels is reduced still further, it will 
15 also be possible to accommodate 48, 96 or an even higher num- 
ber of nozzles on a dosing head. 

In the depicted embodiment of the present invention, an in- 
termediate plate 4 is arranged on the silicon chip 2; this 
intermediate plate 4 is provided with a recess 30 which is 
arranged above the nozzles so that this recess 30 can serve 
as a pressure chamber 30 for accommodating a buffer medium. 
The buffer medium arranged in the pressure chamber 30 is 
preferably a gas mixture or an air mixture . 



20 



25 



30 



In the embodiment shown, the intermediate plate 4 is addi- 
tionally provided with recesses 32 causing an increase in the 
capacity of the media reservoirs 28 formed in the silicon 
chip 2, so that a larger amount of liquid 34 can be accommo- 
dated. In the embodiment shown, the diaphragm 8 is provided 
as a pressure generating device on top of the pressure cham- 
ber 30; by means of this diaphragm 8, an excess pressure can 
be produced in the pressure chamber 30. The diaphragm 8 can 
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e.g. consist of an elastic foil or of silicon. In order to 
simplify the production, this diaphragm can be part of a 
layer 6 which is applied to the upper surface of the interme- 
diate plate 4, the layer 6 being then preferably provided 
with openings in the area of the media reservoirs 28, 32 so 
that these media reservoirs can be refilled. 

In order to produce an abrupt deflection of the displacement 
diaphragm 8, a mechanical device (not shown in Fig. 1) can 
preferably be provided; this mechanical device can be defined 
e.g. by a pneumatic piston which is arranged above the dis- 
placement diaphragm 8 as a modular component, without any 
fixed connection to the section of the device according to 
the present invention shown in Fig. 1. Alternatively, the ac- 
tor may also comprise a piezoactor or a purely mechanical 
structure, e.g. a spring. 

Such an actor component is schematically shown in Fig. 5 and 
designated by reference numeral 40; this actor component 40 
can cause a movement along the arrow 42 so as to generate a 
pressure in the pressure chamber 30. As can additionally be 
seen in Fig. 5, a vent valve 44 is arranged in the displace- 
ment diaphragm 8 in the embodiment shown, this vent valve be- 
ing used for preventing the liquid volumes arranged in the 
nozzles from being accelerated in the direction of the dis- 
placement diaphragm 8 when the displacement diaphragm 8 re- 
laxes. In the embodiment shown in Fig. 5, the vent valve 44 
is shown as an active valve which is closed by the actor 40 
itself, when the displacement diaphragm 8 is displaced so as 
to generate an excess pressure in the pressure chamber 30, 
whereas it is opened for venting during the return movement 
of the actor component 40. The actor speed is higher than 
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the speed of the displacement diaphragm 8 produced by the re- 
laxation of the diaphragm. 



In the following, the mode of operation of the described de- 
vice according to the present invention will be described. At 
first, the media reservoirs 28, 32 are preferably filled with 
different media which are to be applied onto a substrates- 
making use of e.g. a conventional microtitre plate, this 
filling can be effected with the aid of standard automatic 
pipetting devices, as has been explained hereinbefore. Due to 
the media-line and nozzle dimensions provided in the case of 
the preferred embodiment of the present invention, the noz- 
zles are now automatically filled up to the lower nozzle ori- 
fices 14 by means of a capillary effect. The pressure chamber 
30 has now arranged therein the buffer medium, e.g. an air 
mixture or a gas mixture; this mixture can consist of the am- 
bient air or of a mixture which is specially introduced 
through the opening 42. In any case, the buffer medium has 
media-separating properties with respect to the liquids to be 
dosed so that the media to be dosed will not mix in the pres- 
sure chamber 30, In order to support this media-separating 
property, the upper surface of the chip can be covered with a 
hydrophobic layer. It can thus be guaranteed more reliably 
that liquids from different media lines will not be mixed in 
the area of the nozzles. In addition, also the lower surface 
of the chips in which the nozzle orifices are formed may be 
covered with a hydrophobic layer . 

When the nozzles have been filled, preferably by capillary 
effects, up to their orifices with the liquid to be dosed, a 
pressure pulse is caused by the actor 40 so as to generate in 
the pressure chamber 30 a mechanical displacement by the dis- 
placement diaphragm 8. This will have the effect that a homo- 
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geneous pressure pulse will propagate in the pressure chamber 
30 through the buffer medium, as shown by the arrows 4 6 in 
Fig. 1. The fast pressure pulse produced acts homogeneously 
on all nozzles and accelerates the liquid columns at the noz- 
zle orifices 14. The liquid in the media lines 26, which rep- 
resents a fluidic parallel circuit to the channels 15 in 
which the liquid columns are arranged, is, due to the higher 
flow resistance, accelerated far less strongly than the vol- 
ume of the liquid columns applied to the nozzle orifices. The 
liquid is therefore ejected through all nozzle orifices 14 
simultaneously. This ejection is caused by the circumstance 
that the buffer medium compressed by the displacement move- 
ment produces an excess pressure in the pressure chamber 30 
due to the expansion tendency thereof. If the nozzles are 
15 empty or if the excess pressure of the buffer medium has been 
reduced to such an extent that liquid will no longer detach 
itself from the nozzles, the nozzles will refill due to the 
capillary forces acting in the media lines 26. 



10 



20 



Following this, the displacement diaphragm 8 is returned to 
its original position by operating the actor component 40 ac- 
cordingly. In order to avoid a negative pressure, which would 
be generated by the relaxation of the displacement diaphragm, 
in the pressure chamber 30, the vent valve 44 is provided. 
25 This vent valve permits the pressure chamber to be vented at 
the moment of diaphragm relaxation so that the liquid ar- 
ranged in the nozzles will not be accelerated in the direc- 
tion of the displacement diaphragm 8. When the displacement 
diaphragm 8 has returned to its starting position, the next 
dosing operation can be carried out. 



30 



Alternatively to the above-described active vent valve 44, 
also a passive valve can be provided, which may e.g. be a 
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very small vent hole that may be provided at an arbitrary po- 
sition of the pressure chamber 30. This vent hole can pref- 
erably be arranged in the displacement diaphragm as well as 
on the side of the nozzle in silicon. In the case of fast 
5 diaphragm movements of the type carried out e.g. for ejecting 
the plurality of microdroplets, this vent hole does not per- 
mit pressure compensation, but if the diaphragm relaxes com- 
paratively slowly, it will permit pressure compensation thus 
preventing a negative pressure in the pressure chamber so 
10 that a disadvantageous pressure difference at the nozzles can 
be avoided. 

In the above description, the expression nozzle 14 has been 
used for defining an outwardly directed nozzle orifice and a 

15 means arranged on top of this nozzle orifice for defining a 
liquid column on this nozzle orifice. For ejecting a micro- 
droplet, the buffer medium applies pressure to the liquid- 
column which is spaced apart from the nozzle orifice. In or- 
der to increase the liquid volume in the nozzle, i.e. the 

20 liquid volume of the liquid column, an open standpipe can be 
arranged axially on top of the nozzle orifice in addition to 
the channels provided. These standpipes can be connected to 
the media lines via a T-shaped connection close to the noz- 
zle, the media lines interconnecting the nozzles to the re- 

25 spective media reservoirs as before. The standpipes fill with 
liquid from the media lines due to capillary forces alone. In 
this case,, the buffer medium will apply pressure to the 
standpipe end which is spaced apart from the nozzles. 

30 If the standpipes or also the nozzle area can directly be 
filled with liquid by means of conventional methods, e.g. by 
automatic pipetting devices or by microdispensers or the 
like, the connected reservoirs and the media lines can be 
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dispensed with. Otherwise, the outwardly arranged reservoirs, 
which can be seen in the top view of Fig. 4, represent a pre- 
ferred embodiment, since they can easily be filled by stan- 
dard automatic pipetting devices and since, by means of these 
reservoirs, possibly provided standpipes can be caused to 
fill automatically through capillary forces. 

Preferably, the device for applying a plurality of microdro- 
plets onto a substrate according to the present invention can 
be used for applying a different liquid medium onto the sub- 
strate by means of each nozzle. It is, however, also imagin- 
able that a plurality of nozzles define a group of nozzles 
which has then supplied thereto the same liquid via a common 
media line. 



The media lines 26 shown in Fig. 4 are formed side by side in 
the surface of the silicon chip 2. As has been mentioned 
hereinbefore, this arrangement of the media lines restricts 
the packing density of the nozzles. In order to be able to 
increase the packing density of the nozzles, it is possible 
to mount a plurality of cover plates and/or intermediate 
plates one on top of the other and to distribute the media 
lines then in several planes. When lines are conducted in 
different planes, they can also seemingly intersect, without 
25 mixing of the liquids in the respective lines taking place. 
In this respect, it should be pointed out that in the area of 
the nozzles the media lines can be conducted as open lines 
and they can also be provided with a cover. Open media lines 
are advantageous insofar as they fill within a shorter period 
of time and are more resistant to contamination. Covered me- 
dia lines are advantageous insofar as cross-contamination be- 
tween different media lines can be reliably excluded. 
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As has already been mentioned hereinbefore^ any pressure gen- 
erating device which is able to apply a pressure pulse to the 
buffer medium can be used. Preferably, a displacement dia- 
phragm is used for this purpose, this displacement diaphragm 
being driven by a suitable actor, e.g. a pneumatic piston, a 
piezoactor or a spring. Due to the compressibility of the 
gas, the necessary displacement path depends, on the on hand, 
on the size of the volume in which the buffer medium is ar- 
ranged and, on the other hand, it depends on the size of the 
nozzles; the displacement path should be adjustable via a 
variable actuating path of the actor. When the displacement 
diaphragm is implemented as a conductive component, the actor 
can be caused to assume a defined reference position with re- 
spect to the diaphragm via the detection of an electric con- 
tact . 

Making reference to Fig. 6, an alternative embodiment of a 
device according to the present invention with a deviating 
pressure generating device will be explained in the follow- 
ing. Fig. 6 shows again a dosing-head substrate 102; in the 
lower surface of this substrate 102, nozzle orificesl04 are 
formed, which are connected via fluid lines 106 with liquid 
reservoirs 108 formed in an intermediate layer 110. In the 
embodiment shown, the intermediate layer 110 has arranged 
thereon a cover plate 112 in which vent holes 114 for the 
fluid reservoirs 108 are formed. 

As can be seen in Fig. 6, the cover plate 112 is provided 
with respective recesses 116 in such a way that a respective 
vent hole 114 is provided for a plurality of fluid reser- 
voirs- In view of the fact that these vent holes are pro- 
vided, no negative pressure will build up in the liquid res- 
ervoirs 108. during the capillary refilling flow of the media 
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to be dosed. In order to additionally reduce the evaporation 
from the liquid reservoirs 108, the vent holes 114 preferably 
have a smaller cross-sectional area than the reservoir open- 
ings. As can be seen in Fig. 6, this can preferably be 
5 achieved in that a single vent hole 114 is provided for a 
plurality of liquid reservoirs 108. In order to reduce media 
evaporation still further, the cover plate 112 can addition- 
ally be implemented as a cooling means by making this cover 
plate preferably of a material having a good thermal conduc- 

10 tivity, which is either mechanically connected to special 
cooling elements, e.g. Peltier elements, or which has sup- 
plied thereto a pre-cooled liquid through a structured pat- 
tern of channels. Alternatively, the vent holes 114 can also 
be provided in a wound or meandrous design so as to reduce 

15 the evaporation still further. In addition to the above- 
described effect of a reduced evaporation, the cover plate 
112 also leads to a mechanical stabilization of the dosing 
head, since mechanical forces introduced by the actor will be 
absorbed by this cover plate. 

20 

As can be seen in Fig. 6, a recess, which defines a pressure 
chamber 118, is defined in the intermediate layer 110 above 
the nozzle orifices 104. The pressure chamber 118 has again 
arranged therein the buffer medium, which is air in the em- 

25 bodiment shown. At this point reference should be made to the 
fact that the fluid lines 106, which are open towards the 
pressure chamber 118 in the areas 120, are preferably imple- 
mented such that a liquid to be dosed is retained therein by 
capillary forces, whereas air is forced out of the fluid 

30 lines in this way. 

In the embodiment shown in Fig. 6, the pressure generating 
means includes a compressed-air supply line 122, which is 
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provided with a valve 124, so as to apply pressure to the 
buffer medium. The compressed-air supply line 122 of the em- 
bodiment shown is secured to a housing plate 128, which can 
be part of a holding device 130, with the aid of a fastening 
5 means 126, e.g. a screw joint. The compressed-air supply line 
122 is provided with an area 132 of enlarged cross-section 
which ends in the pressure chamber 118. The area of enlarged 
cross-section is defined by an insert 134. The insert 134 is 
attached to the cover plate 112 by means of a seal 136, e.g. 

10 an O-ring, the housing plate 128 being preferably used as a 
pressure plate. By means of the area 132 having an enlarged 
cross-section, a defined pressure can be applied to the noz- 
zle orifices 104 arranged at the opposite end of the pressure 
chamber. In other words, the pressure generating means com- 

15 prises a supply line 122 communicating via an intermediate 
valve 124 with the liquid-column ends which are located in 
spaced relationship with the nozzle orifices 104. When the 
supply line 122 is under an output pressure up to the ini- 
tially closed valvel24, opening of the valve will cause an 

20 inflow of buffer medium, which is air in the case of the pre- 
ferred embodiment, and increase the pressure at the above- 
mentioned ends of the liquid columns. The increase in pres- 
sure ends when the valve 124 is closed. Depending on the 
switching time of the valve 124, either only a sub-volume of 

25 the liquid column or, maximally^ the whole filling volumes of 
the columns are discharged through the nozzle orifices 104 
onto a target substrate (not shown) in the course of this 
process. When the valve has been closed, pressure reduction 
can be temporally accelerated by opening an additional vent 

30 channel (not shown in Fig. 6) . 

In Fig, 6, a lower cover layer 138 is additionally shown, 
which is normally very thin so that the substrate onto which 
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the microdroplets are to be applied can be positioned at the 
shortest possible distance from the plane of the nozzle ori- 
fices 104 during the dosing operation. The lower cover layer, 
which is provided with an opening in the area of the nozzle 
5 orifices 104, can be used for retaining the liquids in the 
fluid lines and, simultaneously, it will protect the nozzle 
orifices against contamination and destruction. 

The way in which the holding device 130 is mounted will be 
10 explained in detail hereinbelow making reference to Fig. 10. 

Fig. 7 shows a further embodiment of a device according to 
the present invention in the case of which an alternative 
pressure generating means is used- In Fig. 7 elements which 
15 are identical to those of Fig. 6 are designated by the same 
reference numerals and will not separately be described once 
more in the fol lowing , 

In the embodiment shown in Fig. 7, the pressure generating 
20 means comprises a tappet 140 and an actor 142 which is opera- 
tively associated therewith. The tappet 140 is attached to 
the cover plate 112 via an elastic sealing ring 136' . The 
elastic sealing ring 136' serves to define a pressure chamber 
volume which is sealed from its surroundings and, when the 
25 tappet 140 is operated by the actor 142, it guarantees an up- 
wardly closed pressure chamber volume of the pressure chamber 
118, The tappet 140 can be fixed mechanically to the actor 
142 or, as schematically shown in Fig. 1, it may have no 
fixed connection. In Fig. 1, a vent hole 144 is additionally 
30 shown, which is provided in the tappet 140; apart from the 
straight shape shown in Fig. 1, this vent hole 144 may have 
any shape which is suitable for venting the pressure chamber 
118 . 
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The tappet 140 can be pressed by means of the actor 142 in 
the direction of the nozzles 104 in a highly dynamic manner, 
whereby the volume of the pressure chamber 118 will be re- 
duced so that the trapped buffer medium^ which is air in the 
case of the preferred embodiment, will be compressed in the 
pressure chamber and the pressure will increase. This has the 
effect that microdroplets are ejected from the nozzle ori- 
fices 104. After the ejection of the microdroplets, the de- 
flected tappet 140 is returned to its starting position by 
the resetting force of the elastic sealing means 136' alone. 

The pressure generating means including a tappet 140, as 
shown in Fig. 7, has the advantage that, in spite of the fact 
that the capacity of the liquid reservoirs 108 has been en- 
larged by the intermediate plate 110, the volume of the pres- 
sure chamber 118 can be implemented such that it is very 
small. When the pressure chamber 118 contains a gaseous 
buffer medium, the compressible volume fraction can be re- 
duced through the smaller chamber volume when pressure is 
built up. It follows that, on the basis of the same temporal 
deflection behaviour of the actor 142, an increased chamber 
pressure can be generated and the velocity of the droplets 
can be enhanced, consequently. 

As can be seen in Fig. 6 and 7, through-holes can be provided 
in the dosing-head substrate 102 so that the fluid lines 106 
are conducted alternately on the upper side or on the lower 
side of the dosing-head substrate. One through-hole can also 
be arranged directly below the fluid reservoir, as has been 
indicated by reference numeral 146 in Fig. 7. It follows that 
the medium to be dosed can here be conducted on the lower 
side of the substrate. 
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Although the embodiments of the present invention described 
hereinbefore are embodiments in the case of which the nozzle 
orifices^ the fluid lines, the fluid reservoirs and the means 
5 for defining a liquid column are each arranged in a specific 
way in a dosing-head substrate, preferably a silicon sub- 
strate, an intermediate plate or a cover plate, it will be 
obvious to those skilled in the art that the various func- 
tional elements can be arranged in the different layers in 
10 any realizable manner. 

In Fig. 8, for example, an embodiment of the device according 
to the present invention is shown in the case of which the 
whole media logistics, i.e. the nozzle orifices, the fluid 

15 lines and the fluid reservoirs, are arranged in a single sub- 
strate 200 so that any kind of cover plate, the upper one as 
well as the lower one, can be dispensed with. In this case, 
the fluid channels 106 must have a capillary force which is 
so high that the liquids to be dosed are retained in these 

20 channels by this capillary force alone. These fluid lines 106 
are, on the one hand, connected to fluid reservoirs 202 pro- 
vided in the substrate 200 and, on the other hand, they are 
connected to nozzle orifices 104 which are arranged in this 
substrate 200. In Fig. 8, just as in Fig. 6 and 7, a respec- 

25 tive nozzle channel 204 is arranged above the nozzle orifices 
104, and a standpipe 206 is arranged on top of the nozzle 
channel; the nozzle channel 204 and the standpipe 206 define 
together the liquid column of a medium to be dosed at each 
nozzle orifice. Alternatively, it can again suffice to pro- 

30 vide only the nozzle channel 204 as a means for defining a 
liquid column. 
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The fluid lines 106 and in particular the areas 106' and 106 
^' thereof, which are formed in the lower and upper surfaces 
of the substrate 200, have depth and width dimensions of such 
a nature that a liquid contained therein will be retained 
5 therein by a capillary effect alone. A sufficient capillary 
effect of the fluid lines 106 can be realized by implementing 
these fluid lines such that they have a very small width and, 
in comparison with their width, a great depth . 

In view of the fact that the fluid lines 106 are open towards 
the upper surface and the lower surface, respectively, it 
must, in the case of a substrate of the type shown in Fig. 8, 
be guaranteed that the flow resistance in the through-hole 
208 exceeds the flow resistance of the nozzle orifices 104 to 
a sufficient extent so as to guarantee that, by means of the 
pressure generating means, microdroplets will only be ejected 
through the nozzle orifices, but neither through the through- 
hole 208 nor via the fluid lines 106. It follows that a very 
low flow resistance must be realized in the through-hole 208 
with a very high production precision. An embodiment showing 
how a through-hole 208 can be produced with very high preci- 
sion will be described in detail hereinbelow making reference 
to Fig- 12. 

25 The pressure generating means shown in Fig. 8 comprises again 
a tappet 140' and an actor 142 associated therewith, the tap- 
pet 140' being operatively connected to the substrate 200 via 
an elastic sealing ring 136'. In the embodiment shown in Fig. 
8, most of the pressure chamber 118' is defined by a recess 

30 in the tappet 140' . In the boundary area 210 which surrounds 
the recess defining the pressure chamber 118', the tappet 
140' is provided with a circumf erentially extending groove 
212 in which the elastic sealing ring 136' . is arranged or 
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preferably secured in position. A force can now be applied to 
the tappet 140' via the actor 142 so that, by a compression 
of the elastic sealing ring 136' , an excess pressure can be 
generated in the pressure chamber 118'; this excess pressure 
5 causes an ejection of microdroplets through the nozzle ori- 
fices 104. It should here be pointed out that the pressure 
chamber 118' need not be fully defined by a recess in the 
tappet 140' f but that optionally or simultaneously the sub- 
strate 200 can additionally be structured so as to contribute 
10 to the formation of the pressure chamber. 

In the embodiment shown in Fig. 8, the pressure generating 
means and the substrate 200 can be implemented as separate 
elements which are adapted to be separated completely from 

15 one another, since the sealing ring 136' need not be con- 
nected to the substrate. Hence, a plurality of carrier sub- 
strates can be supplied one after the other in one production 
series and microdroplets can therefore be applied onto a plu- 
rality of carrier substrates. This applies in the same way to 

20 the embodiment shown in Fig. 7, since a fixed connection be- 
tween the pressure generating means and the dosing head need 
not exist in the case of this embodiment either. 

The dosing-head substrate 200 shown in Fig. 8 can be produced 
25 by conventional micropatterning in silicon, the arrangement 
being, however, also particularly suitable for implementation 
in plastic materials, e.g. a production by means of an em- 
bossing technique- Since the fluid lines are highly capillary 
and open towards one side, any instantaneously existing air 
30 inclusion will, in addition, be forced out of the channel . 
Furthermore, the open channels offer a possibility of di- 
rectly accessing the substrate for the purpose of cleaning. 
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As has already been mentioned, the pressure chamber can ei- 
ther be structured into the substrate, at least partially, 
and/or it can be formed fully or partly in the head of the 
associated actor, as has been described in connection with 
the tappet 140' making reference to Fig. 8. In the case of 
this embodiment, which is not provided with any cover plates, 
it is necessary that the substrate through-holes of the fluid 
lines and channels, respectively, have a markedly larger flow 
resistance than the nozzles channels so that, when the pres- 
sure pulse is being triggered, microdroplets will be dis- 
charged only by the nozzle orifices. This can easily be 
achieved by providing the substrate through-holes with an 
opening width whose cross-section is markedly smaller than 
that of the nozzle orifice. In the embodiment according to 
Fig. 8 cover plates can therefore be dispensed with com- 
pletely, a decisive advantage of this embodiment being that 
air inclusions which may perhaps occur during the filling op- 
eration can be forced out by the capillary forces at any 
point of the substrate and escape. This will facilitate the 
filling operation substantially. 

Making reference to Fig. 9A and 9B, one embodiment which 
shows how the nozzles in the lower surface of the dosing-head 
substrate can be implemented will now be discussed in brief. 
Fig. 9A shows a bottom view of a possible nozzle structure, 
whereas Fig. 9B shows a schematic cross-sectional view 
thereof. A nozzle orifice 104 is surrounded by a boundary 220 
which projects beyond the lower surface of the dosing-head 
substrate 222 in the case of the embodiment shown. As can ad- 
ditionally be seen from Fig. 9A and 9B, a trench structure 
224 is formed in the lower surface 222 of the dosing-head 
substrate; this trench structure surrounds a nozzle orifice 
104 or rather the boundary 220 thereof completely. The trench 
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structure 224 is arranged at a specific distance from the 
nozzle orifice 104 in such a way that, due to its structural 
depth, the trench 224 is capable of binding by means of cap- 
illary forces superfluous medium occurring at the nozzle ori- 
5 fice 104. These trenches surrounding the nozzles can also be 
interconnected in such a way that, by means of capillary 
forces, superfluous liquid will be removed from the nozzle 
area and transported into the outer areas of the dosing head, 

10 Making reference to Fig. 10, the enlarged section a in Fig. 6 
will now be explained in detail; Fig. 10 shows a recess 230 
which is provided in the lower area of the dosing head and 
through which the holding device 130 can be fixed to the dos- 
ing head. Fig: 10 shows that, in the case of this embodi- 

15 ment, this recess, which is formed in the dosing head as a 
circumf erentially extending recess or along certain sections 
thereof, is realized in that the intermediate layer 110 proj- 
ects beyond the dosing-head substrate 102 and the lower cover 
layer 138. A supporting surface is thus formed on the lower 

20 surface 232 of the intermediate layer 110 which rests on the 
holding device 130 in such a way that the plane of the nozzle 
orifices, not shown in Fig. 10, can be positioned at the 
shortest possible distance from a carrier substrate which is 
located therebelow and onto which microdroplets are to be ap- 

25 plied. This permits the carrier substrate to be freely moved 
below the dosing head at a very small distance from the noz- 
zle orifices, but without coming into contact with these noz- 
zle orifices. The holding device ,130 can additionally be de- 
signed such that it is able to hold a plurality of dosing 

30 heads so that the respective dosing head which is to be used 
for carrying out the dosing operation in question can be 
moved below an actor simply by manipulating the holding de- 
vice. In addition, the holding device can be implemented such 
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that it may also be used as an insert device for application 
for the purpose of transferring media from a storage means, 
e.g. a titre plate, to the liquid reservoirs of the dosing 
heads installed in the holding device. It follows that the 
5 filling of the dosing head as well as the introduction of the 
full dosing head into the pressure generating means can be 
effected by manipulating the holding device alone . 

Biological liquids are normally transferred by means of pi- 

10 petting systems from a starting format, e.g. the titre plate, 
to the destination. The medium to be dosed or the liquid 24 0 
to be dosed is stored in a capillary 242. It will therefore 
be advantageous to provide the liquid reservoirs 108 of a 
dosing head with capillary intermediate bridges 246; a por- 

15 tion of such a dosing head is exemplarily designated by ref- 
erence numeral 244 in Fig. 11. For storing liquid in the cap- 
illary 242, the capillary must be hydrophilic. When it is hy- 
drophilic, the fluid meniscus 248 will curve outwards at the 
end of the capillary 242 so that the capillary intermediate 

20 bridges will destroy the surface of the stored dosing medium 
240 when the pipetting capillary 242 is being attached. It is 
therefore not necessary that the capillary intermediate 
bridges project beyond the surface of the substrate of the 
dosing head 244. The surface tension is overcome in this way 

25 and the medium 240 is drawn into the reservoir structure 246 
which produces a capillary effect. Especially in cases in 
which a multi-channel system is used, e.g. a needle array 
comprising 96 pipetting capillaries, all the reservoirs of 
the dosing head can be filled simultaneously by means of cap- 

30 illary forces in the manner described. 

Finally, a preferred method which can be used for producing a 
substrate through-hole of the type provided in the above- 
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described dosing heads of the device according to the present 
invention will be described making reference to Fig. 12. Fig. 
12 shows schematically a section of a substrate 250 in the 
upper surface 252 of which a first trench 254 is produced^ 
and in the lower surface 256 of which a second trench 258 is 
produced. The trenches 254 and"^ 258 intersect at a defined an- 
gle. The depth of the trenches 254 and 258 is chosen such 
that, in the area of intersection, a substrate through-hole 
260 is formed whose opening width is essentially defined by 
the width of the narrow channels 254 and 258 and by the in- 
tersection angle of the channels 254 and 258. It follows that 
substrate through-holes having a small, defined opening width 
can be produced in an advantageous manner by the method de- 
scribed. The advantage of such a method is to be seen in the 
fact that a small structure, viz. a narrow, deep channel, has 
to be produced in only one dimension. By producing two such 
channels, the sum of whose depths must be larger than the 
substrate thickness, a substrate through-hole 260 having an 
opening width which is small and defined in two dimensions 
will be obtained. This method of producing a small substrate 
through-hole has the additional advantage that the substrate 
through-hole will be tolerant with respect to adjustment er- 
rors of the structures on the front and on the back of the 
substrate. A minor misadj ustment of the two structures will 
only cause a local displacement of the substrate through- 
hole, but not a change in the opening width. 

The above-described method is particularly suitable for pro- 
ducing substrate through-holes in silicon substrates by means 
of conventional photolithographic patterning techniques. Al- 
ternatively, it is, however, also possible to implement sub- 
strate through-holes in substrates consisting of other mate- 
rials, e.g. plastic materials, ceramics and the like, by 
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means of arbitrary methods which are suitable for producing 
trenches . 

Although the section of the dosing head having the nozzle 
5 orifices provided therein is formed micromechanically in a 
silicon substrate in the above-described preferred embodiment 
of the present invention, it is obvious to those skilled in 
the art that the dosing head, i.e. the dosing-head substrate 
as well as the various intermediate layers and cover layers, 

10 can be made of other suitable materials making use of suit- 
able production techniques. The substrate can, for example, 
be made of a plastic material or a ceramic material making 
use of an injection moulding technique or an embossing tech- 
nique. According to another alternative, the substrate can 

15 consist of a metal, a glass or a glass-silicon structure. The 
cover layers and the intermediate layers can advantageously 
consist of a transparent glass, e.g. a Pyrex glass. 
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What is claimed is: 

1. A device for applying a plurality of microdroplets onto 
5 a substrate, comprising: 

a plurality of nozzle orifices in a dosing head; 

walls for defining a liquid column of a medium to be 
10 dosed on each nozzle orifice; 

a pressure chamber which is adapted to be filled with a 
buffer medium and which is arranged in such a way that 
said buffer medium can simultaneously be used for apply- 
15 ing a pressure to the liquid-column ends which are 

spaced apart from the nozzle orifices; 

a pressure generator for applying a pressure to said 
buffer medium in such a way that a plurality of micro- 
20 droplets will simultaneously be applied onto the sub- 

strate through said plurality of nozzle orifices; and 

liquid reservoirs for the media to be dosed, which are 
in fluid communication with the liquid columns on the 
25 nozzle orifices. 

2. A device according to claim 1, wherein the pressure gen- 
erator is defined by a displacement diaphragm and an as- 
sociated actor. 



30 



A device according to claim 1, wherein the buffer medium 
is air and wherein the pressure generator includes a 
compressed-air supply device which is provided with a 



Final Version 



- 32 - 



valve and which is in fluid communication with the pres- 
sure chamber. 



A device according to claim 1, wherein the pressure gen- 
erator comprises a tappet and an actor;, the buffer me- 
dium being adapted to have a pressure applied thereto by 
actuating the tappet by means of the actor. 



A device according to claim 1, wherein the walls for de- 
fining a liquid column on each nozzle orifice include a 
channel which leads to a respective nozzle orifice and 
which is adapted to be filled by a capillary effect. 



A device according to claim 1, wherein the liquid reser- 
voirs are connected via fluid lines to the means for de- 
fining a liquid column, said fluid lines being imple- 
mented such that they permit capillary filling of the 
means for defining a liquid column. 



A device according to claim 6, wherein the liquid reser- 
voirs are arranged in a first pattern in a first surface 
of the dosing head and wherein the nozzle orifices are 
formed in a second pattern in a second surface of the 
dosing head located opposite said first surface, the 
first and second patterns differing from one another in 
such a way that a format conversion takes place between 
the liquid reservoirs and the nozzle orifices. 



A device according to claim 1, comprising in addition a 
vent port for venting the pressure chamber. 



A device according to claim 1, wherein the liquid reser- 
voirs are formed in a first main surface of the dosing 
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head, said first main surface having arranged thereon a 
cover plate provided with one or a plurality of vent 
holes for the liquid reservoirs whose cross-sectional 
area is smaller than that of the liquid reservoirs. 

5 

10. A device according to claim 1, comprising in addition a 
cooler for cooling the liquid in the liquid reservoirs. 

11. A device according to claim 1, wherein the surface of 
10 the dosing head having the nozzle orifices formed 

therein is provided with a cover layer having an opening 
in the area of the nozzle orifices. 

12. A device according to claim 1, wherein the dosing head 
15 " is provided with recessed portions on its lateral edges 

in the dosing-head surface having the nozzle orifices 
formed therein, , said recessed portions being brought 
into engagement with a holding device. 

20 13. A device according to claim 12, wherein the holding de- 
vice is additionally implemented as a device for apply- 
ing a supply so as to fill liquid reservoirs provided in 
the device. 

25 14. A device according to claim 1, additionally comprising 
trench structures which surround respective nozzle ori- 
fices, said trench structures being implemented for 
binding by means of capillary forces superfluous liquid 
on the surface having the nozzle orifices formed 

30 therein. 
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A device according to claim 1^ wherein the plurality of 
nozzle orifices and the walls for defining a liquid col- 
umn are micromechanically formed in a silicon substrate . 

A device according to claim 15, wherein also the liquid 
reservoirs and the fluid lines are formed, at least par- 
tially, in the silicon substrate. 

A device according to claim 15, wherein the pressure 
chamber is defined by a recess formed in an intermediate 
plate which is applied to the silicon substrate. 

A device according to claim 17, wherein the intermediate 
plate is additionally patterned so as to increase the 
capacity of the liquid reservoirs, 

A device according to claim 1, wherein the liquid reser- 
voirs are formed in the first surface of the dosing 
head, said liquid reservoirs having arranged therein 
capillary structures. 

A dosing head for a device for applying a plurality of 
microdroplets onto a substrate, said device comprising: 

a plurality of nozzle orifices in a dosing head; 

walls for defining a liquid column of a medium to be 
dosed on each nozzle orifice; 

a pressure chamber which is adapted to be filled with 
a buffer medium and which is arranged in such a way 
that said buffer medium can simultaneously be used 
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for applying a pressure to the liquid-column ends 
which are spaced apart from the nozzle orifices; 

a pressure generator for applying a pressure to said 
5 buffer medium in such a way that a plurality of mi- 

crodroplets will simultaneously be applied onto the 
substrate through said plurality of nozzle orifices; 
and 

10 liquid reservoirs for the media to be dosed, which 

are in fluid communication with the liquid columns on 
the nozzle orifices; 

said dosing head comprising a substrate having the plu- 
rality of nozzle orifices in a first surface thereof, 
having a plurality of liquid reservoirs in a surface 
thereof which is located opposite to said first surface, 
and having fluid lines which connect respective nozzle 
orifices to respective liquid reservoirs and at least 
part of which is defined by open trenches formed in said 
first or second surface, said trenches having depth and 
width dimensions of such a nature that a liquid will be 
retained therein by a capillary effect alone. 

25 21. A dosing head according to claim 20, wherein the fluid 
lines have substrate through-holes whose flow resistance 
is smaller than the flow resistance defined by a nozzle 
orifice . 

30 22. A method of producing a through-hole having a defined 
cross-sectional area in the substrate of a dosing head, 
said method comprising the steps of: 



15 



20 
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producing a first elongate trench structure of defined 
width and depth in a first surface of the substrates- 
producing a second elongate trench structure of defined 
width and depth in a second surface of the substrate 
which is located opposite to said first surface^ in such 
a way that said first and second trench structures in- 
tersect so that an opening having a defined cross- 
sectional area is formed in the area of intersection. 



Final Version 



ABSTRACT 



A device for device for applying a plurality of microdroplets 
onto a substrate has a plurality of nozzle orifices in a dos- 
ing head. In addition to walls for defining a liquid column 
of a medium to be dosed on each nozzle orifice, a pressure 
chamber is provided, which is adapted to be filled with a 
buffer medium and which is arranged in such a way that said 
buffer medium can simultaneously be used for applying a pres- 
sure to the liquid-column ends which are spaced apart from 
the nozzle orifices. A pressure generator is provided for 
applying a pressure to said buffer medium in such a way that 
a plurality of microdroplets will simultaneously be applied 
onto the substrate through said plurality of nozzle orifices. 
Finally, liquid reservoirs for the media to be dosed, which 
are in fluid communication with the liquid columns on the 
nozzle orifices are provided. 
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Metihod and Device for Applying a Plurality of Microdroplets 

onto a Sxibstrate 

B escription 

5 

BACKGROUND OF THE INVENTION 
Field of the Invention 

10 The present invention relates to a device and a method for 
applying a plurality of microdroplets onto a substrate and in 
particular to such a device and such a method which permit 
the simultaneous application of a plurality of microdroplets. 
The present invention specially refers to such devices and 

15 methods which are suitable for producing so-called biochips 
in the case of which a plurality of different analytes is ap- 
plied to a substrate so as to detect different substances in 
an unknown sample. 

20 The fact that the genomes of human beings, animals and plants 
are deciphered to an increasing extent provides a large num- 
ber of new possibilities ranging from the diagnosis of ge- 
netically conditioned diseases to a much faster search for 
pharmaceutically interesting agents . The above-mentioned bio- 

25 chips will, for example, be used in the future for examining 
food with respect to a large number of possible, genetically 
modified components. In another field of use, such biochips 
can be used for determining the exact genetic defect in the 
case of genetically conditioned diseases so as to derive 

30 therefrom the ideal strategy for treating the disease. 

The biochips which are suitable for such cases of use nor- 
mally consist of a carrier material, i.e. a substrate, having 
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applied thereto a large number of different substances in the 
form of a raster. Typical raster distances in the array are 
distances between 100 |im and 1^000 p.m. Depending on the re- 
spective case of use^ the large number of different sub- 
5 stances on a biochip, which are referred to as so^-called ana- 
lytes, ranges from a few different substances to a few 
100,000 different substances per substrate. Each of these 
different analytes can be used for detecting a very specific 
substance in an unknown sample. 

10 

When an unknown sample fluid is applied to a biochip, reac- 
tions will occur in the case of specific analytes; these re- 
actions can be detected with the aid of suitable methods, 
e.g. fluorescence detection. The number of different analytes 

15 on the biochip corresponds to the number of different compo- 
nents in the unknown sample fluid which can simultaneously by 
analyzed by the respective biochip. Such a biochip is a diag- 
nostic tool with the aid of which an unknown sample can be 
examined with regard to a large number of constituents simul- 

20 taneously and purposefully. 



Description of Prior Art 

25 For applying the analytes to a substrate in order to produce 
such a biochip, three fundamentally different methods are 
known for the time being. Depending on the number of biochips 
required and on the necessary number of analytes per chip, 
these methods are used alternatively. 

30 

The first method is referred to as "contact printing", a bun- 
dle of steel capillaries filled with various analytes in the 
interior thereof being used for executing this method. This 



Annotated Copy of Final Version 



i. lu iJ £ii 5i «. Q S i^: ^i^;^: O il:! 

- 3 - 

bundle of steel capillaries is stamped onto the substrate. 
When the bundle is taken off, the analytes adhere to the sub- 
strate in the form of microdroplets . In the case of this 
method, the quality of the printed pattern is, however, 
5 strongly determined by the effect of capillary forces and de- 
pends therefore on a large number of critical parameters, 
e.g. the quality and the coating of the surface of the sub- 
strate, the exact geometry of the nozzle and, primarily, the 
media used. In addition, the method is very susceptible to 
10 contaminations of the substrate and of the nozzles. The 
method described here is suitable for use in cases where the 
number of analytes does not exceed a few hundred per sub- 
strate . 

15 In a second method for producing biochips, the so-called 
^^spotting", so-called microdispensers are normally used, 
which, similar to an ink-jet printer, are capable of shooting 
individual microdroplets of a liquid onto a substrate in re- 
sponse to a respective control command. Such a method is re- 

20 f erred to as ^'drop-on-demand''. Microdispensers of this kind 
are commercially available from some firms. The advantage of 
this method is to be seen in the fact that the analytes can 
be applied onto a substrate in a contactless manner, the in- 
fluence of capillary forces being then irrelevant. An essen- 

25 tial problem is, however, that it is very expensive and ex- 
tremely difficult to arrange a large number of nozzles, which 
are each supplied with a different medium, in parallel or 
rather in an array. The limiting elements are here the acto- 
rics and the media logistics, which cannot be miniaturized to 

30 the extent desired. 

A third method which is used at present for producing bio- 
chips is the so-called ""synthesis method" in the case of 
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which the analytes^ which normally consist of a chain of 
linked nucleic acids, are chemically produced on the sub- 
strate, i.e. synthesized. For delimiting the spatial posi- 
tions of the various analytes, methods are used which are 
5 known from the field of microelectronics, e.g. lithographic 
methods with masking techniques- This synthesis method is by 
far the most expensive one among the above-mentioned methods, 
but it can also be used for producing the greatest variety of 
analytes on a chip, in the order of magnitude of 100,000 dif- 
10 ferent analytes per substrate . 

SUMMARY OF THE INVENTION 

15 It is the object of the present invention to provide a — de- 
vice^ and — a — m e thod — for applying a plurality of microdroplet s 
onto a substrate, which permit microdroplets to be applied to 
a substrate simultaneously, in a regular pattern, at a rea- 
sonable price and exactly, as well as a method for use in the 

20 production of such a device. 

This — object — i-s — achi e ved by — th e — d e vic e s — according — to — claims — t 
and 21 and the m e thods according to claims 23 and 24. 

2 5 According to a first aspect of the invention, this object is 
achieved by a device for applying a plurality of microdro- 
plets onto a substrate, comprising: 

a plurality of nozzle orifices in a dosing head; 

30 

walls for defining a liquid column of a medium to be dosed on 
each nozzle orifice; 
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a pressure chamber which is adapted to be filled with a 
buffer medium and which is arranged in such a way that said 
buffer medium can simultaneously be used for applying a pres- 
sure to the liquid-column ends which are spaced apart from 
5 the nozzle orifices; 

a pressure generator for applying a pressure to said buffer 
medium in such a way that a plurality of microdroplets will 
simultaneously be applied onto the substrate through said 
10 plurality of nozzle orifices; and 

liquid reservoirs for the media to be dosed^ which are in 
fluid communication with the liquid columns on the nozzle 
orifices . 

15 

According to a second aspect of the invention^ this object is 
achieved by a dosing head for a device for applying a plural- 
ity of microdroplets onto a substrate, said device compris- 
ing : 

20 

a plurality of nozzle orifices in a dosing head; 

walls for defining a liquid column of a medium to be 
dosed on each nozzle orifice; 

25 

a pressure chamber which is adapted to be filled with a 
buffer medium and which is arranged in such a way that 
said buffer medium can simultaneously be used for apply- 
ing a pressure to the liquid-column ends which are spaced 
30 apart from the nozzle orifices; 

a pressure generator for applying a pressure to said 
buffer medium in such a way that a plurality of microdro- 
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plets will simultaneously be applied onto the substrate 
through said plurality of nozzle orifices; and 

liquid reservoirs for the media to be dosed, which are in 
5 fluid communication with the liquid columns on the nozzle 

orifices; 

said dosing head comprising a substrate having the plurality 
of nozzle orifices in a first surface thereof, having a plu- 

10 rality of liguid reservoirs in a surface thereof which is lo- 
cated opposite to said first surface, and having fluid lines 
which connect respective nozzle orifices to respective liguid 
reservoirs and at least part of which is defined by open 
trenches formed in said first or second surface, said 

15 trenches having depth and width dimensions of such a nature 
that a liquid will be retained therein by a capillary effect 
alone . 

The present invention provid e s — q devic e — for applying q plu 
20 rality of microdropl e to onto a subotrat e , — the dcvicG compria 
ing Q plurality of nozzle orificea in q dosing h e ad. — Furth e r 
"^o^"^/ — a means — is provided for d e fining a liquid column of a 

medium to b e doocd on each nozzle orifice. — A pressure cham 

bc r which i3 adapted to be filled with a buff e r medium is ar 
25 ranged in such a vy^ay that the buffer medium can simultane 
ouoly be used for applying a prcooure to the liquid column 
ends — vyyhich — a^fe — spac e d — apart — from — t¥t^ — nozzle — orifices . — F4r- 
nally, — a pressure g e nerating means is provided for applying a 
pressure to the buffer medium in such a way that a plurality 
30 of microdropl e to will simultaneously be applied onto the sub 
otratc through the plurality of nozzle orifices. The pressur e 
chamber — ea^i — be — form e d — ±rn — ti^e — dosing — head, — in th e — pressure 
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generating device, — — in — the — dosing head — ets — w e ll — as — ±fi — 
preoour e — generating d e vice ■ 

The pres e nt — invention additionally provid e s — a m e thod — §or — ap— 
5 plying — a — plurality — &€ — microdropl e ts — onto — a — substrate — in — th e 
case — — which — a — respective — liquid — column — &€ — a — medium — to — be- 
dos e d is — first produc e d on each of a plurality of nozzle — ori 
f ices . — Subsequently/ — a pr e ssure is — simultan e ously applied via 
a — buffer medium — fe© — fehe — liquid column — ends — spaced — apart — from 
10 the nozzle orifices, — so that microdroplets of th e media to be 
dos e d can simultaneously be ejected from the nozzl e orific e s. 

The present invention is based on the finding that it is pos- 
sible to apply a plurality of microdroplets simultaneously 

15 onto a substrate by applying to liquid columns positioned on 
nozzle orifices simultaneously a pressure via a common buffer 
medium. The buffer medium is preferably inert in that a short 
pressure pulse applied via this buffer medium will homogene- 
ously be advanced to the liquid columns of all the nozzles, 

20 and that, in addition, a mixing of different media applied to 
the nozzle orifices will be prevented, i.e. the buffer medium 
has dosing media-separating properties. 

According to the present invention, the nozzle orifices and 
25 the nozzles, respectively, can be arranged such that they are 
spaced from one another at the same distance at which also 
the fluid droplets are to be applied to the substrate. If the 
nozzles are to be arranged very close to one another, each 
nozzle is preferably connected through a separate media line 
30 to a larger, outwardly arranged reservoir through which each 
nozzle and each nozzle orifice can be supplied with a spe- 
cific liquid- If the distances between the nozzles are, how- 
ever, large enough for supplying the nozzles with liquid by 



Annotated Copy of Final Version 



□i.. O O G« ^"jiJ U £ S J ic:^ if O 

- 8 - 

means of conventional methods, e.g. by means of standard 
automatic pipetting devices, the media lines and the liquid 
reservoirs can be dispensed with; the liquid reservoir can 
then be arranged directly above the nozzle. 

In order to apply a pressure pulse to the buffer medium ac- 
cording to the present invention, a diaphragm having an actor 
associated therewith is used in preferred embodiments of the 
present invention. However, the pressure pulse can also be 
produced in any other imaginable way, e.g. by producing by 
means of a chemical or thermal event an excess pressure in 
the pressure chamber in which the buffer medium is contained. 
A tappet with an associated actor can, for example, be used. 
Furthermore, the pressure generating means may comprise a 
compressed-air supply means which is in fluid communication 
with the pressure chamber. 

According to the present invention, the fast pressure pulse 
produced acts homogeneously onto all nozzles and accelerates 
20 the liquid contained in these nozzles. Hence, microdroplets 
can be ejected from a plurality of nozzle orifices simultane- 
ously. In addition, the buffer medium according to the pres- 
ent invention prevents a mixing of different media, when dif- 
ferent media to be dosed are applied to a substrate. 

25 

According to the present invention, the liquid column on the 
nozzle orifices is preferably produced in that the nozzle 
orifice is the outer end of a channel which is adapted to be 
filled by a capillary effect, the liquid column being defined 
30 in said channel- This channel is then preferably connected to 
a liquid reservoir via the fluid connection line in such a 
way that capillary filling of the channel can always be real- 
ized . 



10 
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According to a third aspect of the invention^ the above ob- 
ject is achieved by a method of producing a through-hole hav- 
ing a de fined cross-sectional area in the substrate of a dos- 
5 ing head, said method comprising the steps of: 

producing a first elongate trench structure of defined width 
and depth in a first surface of the substrate; 

10 producing a second elongate trench structure of defined width 
and depth in a second surface of the substrate which is lo- 
cated opposite to said first surface, in such a way that said 
first and second trench structures intersect so that an open- 
ing having a defined cross-sectional area is formed in the 

15 area of intersection. 

It follows that the present invention provides devices — a^d 
methods by means of which microdroplets , in particular micro- 
droplets of biologically relevant substances, can be produced 
20 and applied onto a substrate in a regular pattern. Further- 
more, the present invention provides a dosing head for such a 
device for applying a plurality of microdroplets onto a sub- 
strate and a method that can advantageously be used in the 
production of such a dosing head. 

25 

Further developments of the present invention are disclosed 
in the dependent claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

30 

In the following, preferred embodiments of the present inven- 
tion will be explained in detail making reference to the 
drawings enclosed, in which: 
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Fig. 1 shows schematically a cross-sectional view of an em- 
bodiment of a device according to the present inven- 
tion; 

5 

Fig. 2 shows schematically a cross-sectional view of a 
silicon substrate used in the device according to 
Fig. 1; 

10 Fig. 3 shows schematically a bottom view of the substrate 
shown in Fig. 2; 

. Fig. 4 shows a top view of the substrate shown in Fig. 2; 

15 Fig. 5 shows a schematic cross-sectional view for explain- 
ing an alternative embodiment of a device according 
to the present invention; 



20 



Fig. 6f 7 and 8 show schematic cross-sectional views of fur- 
ther embodiments of devices according to the present 
invention; 



Fig. 9A and 9B show a schematic bottom view and a schematic 
cross-sectional view for explaining an example of a 
25 nozzle orifice embodiment; 

Fig. 10 shows a schematic, enlarged view of a section a in 
Fig. 6; 

30 Fig. 11 shows a schematic representation of a liquid reser- 
voir according to one embodiment of the present in- 
vention; and 
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Fig. 12 shows a schematic representation for illustrating 
the method according to the present invention for 
producing a fluid opening leading from a front to a 
back of a fluidic substrate . 

5 

DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION 

As can be seen in Fig. 1, the depicted embodiment of a device 
10 for applying a plurality of microdroplets onto a substrate 
consists of a patterned silicon substra 

te 2, an intermediate plate 4 applied to the silicon sub- 
strate 2 and a layer 6 which is applied to the intermediate 
plate 4 and which has formed therein a pressure generating 
15 device in the form of a displacement diaphragm 8. 

To begin with, the structural design of the silicon substrate 
2 will be explained in detail especially with respect to Fig. 
2-4, which each show enlarged views of this silicon substrate 

20 2. As can be seen, a plurality of nozzles having lower nozzle 
orifices 14 are formed in a lower surface of the silicon sub- 
strate 2. The nozzles are preferably of such a size that cap- 
illary filling thereof is possible, and, in addition, they 
are micropatterned in the lower surface of the chip 2 in such 

25 a way that they are exposed relative to the surrounding sili- 
con surface. In the figures, six juxtaposed nozzles are 
shown, a bottom view of the silicon chip 2 with the nozzle 
orifices 14 structured in the lower surface thereof being 
shown in Fig. 3, where it can be seen that the embodiment 

30 shown comprises twenty-four nozzles. As can also be seen, the 
nozzles are exposed relative to the surrounding silicon sur- 
face, the surround 24 constituting the outer edge of the 
silicon chip 2. In this connection, it should be pointed out 
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that the surround in the representation of Fig. 3 is reduced 
in width in comparison with the representation of Fig. 1. 

Above the nozzle orifices 14 of the nozzles, respective chan- 
nels 15 are arranged through which a liquid column can be de- 
fined on top of the nozzle orifice 14 in question. The re- 
spective nozzles are connected to media reservoirs 28, which 
are formed in the surface of the silicon chip 2, via media 
lines 26 which can, in particular, be seen in Fig. 4 and in 
the enlarged section 22 in Fig. 2. In this connection, it 
should be pointed out that only two media lines 26 can be 
seen in the cross-sectional views of Fig. 1 and 2. As can be 
seen in Fig. 4, twenty-four media reservoirs 28 are connected 
via media lines 26 to the respective nozzles of the silicon 
chip 2 . 

In the embodiment shown, the media reservoirs 28 are pat- 
terned in the silicon-chip surface located opposite the noz- 
zle orifices 14. The media reservoirs 28 are preferably im- 
plemented such that they can automatically be filled with 
liquids by means of standard automatic pipetting devices. For 
this purpose, these media reservoirs may e.g. have identical 
diameters and they may be arranged at identical distances 
from one another like the chambers of a known 348-well micro- 
titre plate. The media lines 26 are preferably implemented 
such that liquids are drawn from the media reservoirs 28 via 
the media lines through capillary forces to the nozzle ori- 
fices 14. The channels 15 of the closely spaced nozzle ori- 
fices 14 can in this way be supplied via the media lines 26 
with liquid from larger reservoirs 28. Hence, a format con- 
version takes place between the media reservoirs 28 and the 
nozzle orifices 14. 
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The nozzle orifices 14 shown may have a diameter of e.g. 200 
|Lim^ and also the media lines may have a width of 200 |am. The 
depicted array of twenty-four nozzles can therefore easily be 
arranged at a mutual distance of 1 mm. The limiting factor 
5 for the number of nozzles which can be arranged in an array 
is the width of the connecting channels which interconnect 
the nozzles and the media reservoirs. These connecting chan- 
nels must be conducted to the outside between the nozzles. If 
the width of these channels is reduced still further, it will 
10 also be possible to accommodate 48, 96 or an even higher num- 
ber of nozzles on a dosing head. 

In the depicted embodiment of the present invention, an in- 
termediate plate 4 is arranged on the silicon chip 2; this 
15 intermediate plate 4 is provided with a recess 30 which is 
arranged above the nozzles so that this recess 30 can serve 
as a pressure chamber 30 for accommodating a buffer medium. 
The buffer medium arranged in the pressure chamber 30 is 
preferably a gas mixture or an air mixture. 

20 

In the embodiment shown, the intermediate plate 4 is addi- 
tionally provided with recesses 32 causing an increase in the 
capacity of the media reservoirs 28 formed in the silicon 
chip 2, so that a larger amount of liquid 34 can be accommo- 

25 dated. In the embodiment shown, the diaphragm 8 is provided 
as a pressure generating device on top of the pressure cham- 
ber 30; by means of this diaphragm 8, an excess pressure can 
be produced in the pressure chamber 30. The diaphragm 8 can 
e.g. consist of an elastic foil or of silicon. In order to 

30 simplify the production, this diaphragm can be part of a 
layer 6 which is applied to the upper surface of the interme- 
diate plate 4, the layer 6 being then preferably provided 
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with openings in the area of the media reservoirs 28^ 32 so 
that these media reservoirs can be refilled. 

In order to produce an abrupt deflection of the displacement 
5 diaphragm 8, a mechanical device (not shown in Fig. 1) can 
preferably be provided; this mechanical device can be defined 
e.g. by a pneumatic piston which is arranged above the dis- 
placement diaphragm 8 as a modular component, without any 
fixed connection to the section of the device according to 
10 the present invention shown in Fig. 1. Alternatively, the ac- 
tor may also comprise a piezoactor or a purely mechanical 
structure, e.g. a spring. 

Such an actor component is schematically shown in Fig. 5 and 

15 designated by reference numeral 40; this actor component 40 
can cause a movement along the arrow 42 so as to generate a 
pressure in the pressure chamber 30. As can additionally be 
seen in Fig. 5, a vent valve 44 is arranged in the displace- 
ment diaphragm 8 in the embodiment shown, this vent valve be- 

20 ing used for preventing the liquid volumes arranged in the 
nozzles from being accelerated in the direction of the dis- 
placement diaphragm 8 when the displacement diaphragm 8 re- 
laxes. In the embodiment shown in Fig. 5, the vent valve 44 
is shown as an active valve which is closed by the actor 40 

25 itself, when the displacement diaphragm 8 is displaced so as 
to generate an excess pressure in the pressure chamber 30, 
whereas it is opened for venting during the return movement 
of the actor component 40. The actor speed is higher than 
the speed of the displacement diaphragm 8 produced by the re- 

30 laxation of the diaphragm. 

In the following, the mode of operation of the described de- 
vice according to the present invention will be described. At 
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first, the media reservoirs 28, 32 are preferably filled with 
different media which are to be applied onto a substrate; 
making use of e.g. a conventional microtitre plate, this 
filling can be effected with the aid of standard automatic 
5 pipetting devices, as has been explained hereinbefore. Due to 
the media-line and nozzle dimensions provided in the case of 
the preferred embodiment of the present invention, the noz- 
zles are now automatically filled up to the lower nozzle ori- 
fices 14 by means of a capillary effect. The pressure chamber 

10 30 has now arranged therein the buffer medium, e.g. an air 
mixture or a gas mixture; this mixture can consist of the am- 
bient air or of a mixture which is specially introduced 
through the opening 42. In any case, the buffer medium has 
media-separating properties with respect to the liquids to be 

15 dosed so that the media to be dosed will not mix in the pres- 
sure chamber 30. In order to support this media-separating 
property, the upper surface of the chip can be covered with a 
hydrophobic layer. It can thus be guaranteed more reliably 
that liquids from different media lines will not be mixed in 

20 the area of the nozzles. In addition, also the lower surface 
of the chips in which the nozzle orifices are formed may be 
covered with a hydrophobic layer. 

When the nozzles have been filled, preferably by capillary 
25 effects, up to their orifices with the liquid to be dosed, a 
pressure pulse is caused by the actor 40 so as to generate in 
the pressure chamber 30 a mechanical displacement by the dis- 
placement diaphragm 8. This will have the effect that a homo- 
geneous pressure pulse will propagate in the pressure chamber 
30 30 through the buffer medium, as shown by the arrows 4 6 in 
Fig. 1. The fast pressure pulse produced acts homogeneously 
on all nozzles and accelerates the liquid columns at the noz- 
zle orifices 14. The liquid in the media lines 26, which rep- 



Annotated Copy of Final Version 



:i. O iUi «j O Sue!: o ^.-i. e it^. u E: 

- 16 - 



resents a fluidic parallel circuit to the channels 15 in 
which the liquid columns are arranged, is, due to the higher 
flow resistance, accelerated far less strongly than the vol- 
ume of the liquid columns applied to the nozzle orifices. The 
5 liquid is therefore ejected through all nozzle orifices 14 
simultaneously. This ejection is caused by the circumstance 
that the buffer medium compressed by the displacement move- 
ment produces an excess pressure in the pressure chamber 30 
due to the expansion tendency thereof. If the nozzles are 
10 empty or if the excess pressure of the buffer medium has been 
reduced to such an extent that liquid will no longer detach 
itself from the nozzles, the nozzles will refill due to the 
capillary forces acting in the media lines 26. 

Following this, the displacement diaphragm 8 is returned to 
its original position by operating the actor component 40 ac- 
cordingly. In order to avoid a negative pressure, which would 
be generated by the relaxation of the displacement diaphragm, 
in the pressure chamber 30, the vent valve 44 is provided. 
This vent valve permits the pressure chamber to be vented at 
the moment of diaphragm relaxation so that the liquid ar- 
ranged in the nozzles will not be accelerated in the direc- 
tion of the displacement diaphragm 8. When the displacement 
diaphragm 8 has returned to its starting position, the next 
dosing operation can be carried out. 

Alternatively to the above-described active vent valve 44, 
also a passive valve can be provided, which may e.g. be a 
very small vent hole that may be provided at an arbitrary po- 
30 sition of the pressure chamber 30. This vent hole can pref- 
erably be arranged in the displacement diaphragm as well as 
on the side of the nozzle in silicon. In the case of fast 
diaphragm movements of the type carried out e.g. for ejecting 
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the plurality of microdroplets, this vent hole does not per- 
mit pressure compensation, but if the diaphragm relaxes com- 
paratively slowly, it will permit pressure compensation thus 
preventing a negative pressure in the pressure chamber so 
5 that a disadvantageous pressure difference at the nozzles can 
be avoided - 

In the above description, the expression nozzle 14 has been 
used for defining an outwardly directed nozzle orifice and a 
means arranged on top of this nozzle orifice for defining a 
liquid column on this nozzle orifice. For ejecting a micro- 
droplet, the buffer medium applies pressure to the liquid- 
column which is spaced apart from the nozzle orifice. In or- 
der to increase the liquid volume in the nozzle, i.e. the 
liquid volume of the liquid column, an open standpipe can be 
arranged axiaily on top of the nozzle orifice in addition to 
the channels provided. These standpipes can be connected to 
the media lines via a T-shaped connection close to the noz- 
zle, the media lines interconnecting the nozzles to the re- 
spective media reservoirs as before. The standpipes fill with 
liquid from the media lines due to capillary forces alone. In 
this case, the buffer medium will apply pressure to the 
standpipe end which is spaced apart from the nozzles . 

25 If the standpipes or also the nozzle area can directly be 
filled with liquid by means of conventional methods, e.g. by 
automatic pipetting devices or by microdispensers or the 
like, the connected reservoirs and the media lines can be 
dispensed with. Otherwise, the outwardly arranged reservoirs, 

30 which can be seen in the top view of Fig. 4, represent a pre- 
ferred embodiment, since they can easily be filled by stan- 
dard automatic pipetting devices and since, by means of these 
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reservoirs^ possibly provided standpipes can be caused to 
fill automatically through capillary forces. 

Preferably^ the device for applying a plurality of microdro- 
5 piets onto a substrate according to the present invention can 
be used for applying a different liquid medium onto the sub- 
strate by means of each nozzle. It is, however, also imagin- 
able that a plurality of nozzles define a group of nozzles 
which has then supplied thereto the same liquid via a common 
10 media line. 

The media lines 26 shown in Fig. 4 are formed side by side in 
the surface of the silicon chip 2. As has been mentioned 
hereinbefore, this arrangement of the media lines restricts 

15 the packing density of the nozzles. In order to be able to 
increase the packing density of the nozzles, it is possible 
to mount a plurality of cover plates and/or intermediate 
plates one on top of the other and to distribute the media 
lines then in several planes. When lines are conducted in 

20 different planes, they can also seemingly intersect, without 
mixing of the liquids in the respective lines taking place. 
In this respect, it should be pointed out that in the area of 
the nozzles the media lines can be conducted as open lines 
and they can also be provided with a cover. Open media lines 

25 are advantageous insofar as they fill within a shorter period 
of time and are more resistant to contamination. Covered me- 
dia lines are advantageous insofar as cross-contamination be- 
tween different media lines can be reliably excluded. 

30 As has already been mentioned hereinbefore, any pressure gen- 
erating device which is able to apply a pressure pulse to the 
buffer medium can be used. Preferably, a displacement dia- 
phragm is used for this purpose, this displacement diaphragm 
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being driven by a suitable actor, e.g. a pneumatic piston, a 
piezoactor or a spring. Due to the compressibility of the 
gas, the necessary displacement path depends, on the on hand, 
on the size of the volume in which the buffer medium is ar- 
5 ranged and, on the other hand, it depends on the size of the 
nozzles; the displacement path should be adjustable via a 
variable actuating path of the actor. When the displacement 
diaphragm is implemented as a conductive component, the actor 
can be caused to assume a defined reference position with re- 
10 spect to the diaphragm via the detection of an electric con- 
tact. 

Making reference to Fig. 6, an alternative embodiment of a 
device according to the present invention with a deviating 

15 pressure generating device will be explained in the follow- 
ing. Fig. 6 shows again a dosing-head substrate 102; in the 
lower surface of this substrate 102, nozzle orificesl04 are 
formed, which are connected via fluid lines 106 with liquid 
reservoirs 108 formed in an intermediate layer 110. In the 

20 embodiment shown, the intermediate layer 110 has arranged 
thereon a cover plate 112 in which vent holes 114 for the 
fluid reservoirs 108 are formed. 

As can be seen in Fig. 6, the cover plate 112 is provided 
25 with respective recesses 116 in such a way that a respective 
vent hole 114 is provided for a plurality of fluid reser- 
voirs. In view of the fact that these vent holes are pro- 
vided, no negative pressure will build up in the liquid res- 
ervoirs 108 during the capillary refilling flow of the media 
30 to be dosed. In order to additionally reduce the evaporation 
from the liquid reservoirs 108, the vent holes 114 preferably 
have a smaller cross-sectional area than the reservoir open- 
ings. As can be seen in Fig, 6, this can preferably be 
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achieved in that a single vent hole 114 is provided for a 
plurality of liquid reservoirs 108. In order to reduce media 
evaporation still further, the cover plate 112 can addition- 
ally be implemented as a cooling means by making this cover 
5 plate preferably of a material having a good thermal conduc- 
tivity, which is either mechanically connected to special 
cooling elements, e.g. Peltier elements, or which has sup- 
plied thereto a pre-cooled liquid through a structured pat- 
tern of channels. Alternatively, the vent holes 114 can also 

10 be provided in a wound or meandrous design so as to reduce 
the evaporation still further. In addition to the above- 
described effect of a reduced evaporation, the cover plate 
112 also leads to a mechanical stabilization of the dosing 
head, since mechanical forces introduced by the actor will be 

15 absorbed by this cover plate. 

As can be seen in Fig. 6, a recess, which defines a pressure 
chamber 118, is defined in the intermediate layer 110 above 
the nozzle orifices 104. The pressure chamber 118 has again 
arranged therein the buffer medium, which is air in the em- 
bodiment shown. At this point reference should be made to the 
fact that the fluid lines 106, which are open towards the 
pressure chamber 118 in the areas 120, are preferably imple- 
mented such that a liquid to be dosed is retained therein by 
capillary forces, whereas air is forced out of the fluid 
lines in this way. 

In the embodiment shown in Fig. 6, the pressure generating 
means includes a compressed-air supply line 122, which is 
provided with a valve 124, so as to apply pressure to the 
buffer medium. The compressed-air supply line 122 of the em- 
bodiment shown is secured to a housing plate 128, which can 
be part of a holding device 130, with the aid of a fastening 
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means 126, e.g. a screw joint. The compressed-air supply line 
122 is provided with an area 132 of enlarged cross-section 
which ends in the pressure chamber 118. The area of enlarged 
cross-section is defined by an insert 134. The insert 134 is 
5 attached to the cover plate 112 by means of a seal 136, e.g. 
an O-ring, the housing plate 128 being preferably used as a 
pressure plate. By means of the area 132 having an enlarged 
cross-section, a defined pressure can be applied to the noz- 
zle orifices 104 arranged at the opposite end of the pressure 

10 chamber. In other words, the pressure generating means com- 
prises a supply line 122 communicating via an intermediate 
valve 124 with the liquid-column ends which are located in 
spaced relationship with the nozzle orifices 104. When the 
supply line 122 is under an output pressure up to the ini- 

15 tially closed valvel24, opening of the valve will cause an 
inflow of buffer medium, which is air in the case of the pre- 
ferred embodiment, and increase the pressure at the above- 
mentioned ends of the liquid columns. The increase in pres- 
sure ends when the valve 124 is closed. Depending on the 

20 switching time of the valve 124, either only a sub-volume of 
the liquid column or, maximally, the whole filling volumes of 
the columns are discharged through the nozzle orifices 104 
onto a target substrate (not shown) in the course of this 
process. When the valve has been closed, pressure reduction 

25 can be temporally accelerated by opening an additional vent 
channel (not shown in Fig. 6) . 

In Fig. 6, a lower cover layer 138 is additionally shown, 
which is normally very thin so that the substrate onto which 
30 the microdroplets are to be applied can be positioned at the 
shortest possible distance from the plane of the nozzle ori- 
fices 104 during the dosing operation. The lower cover layer, 
which is provided with an opening in the area of the nozzle 
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orifices 104 , can be used for retaining the liquids in the 
fluid lines and, simultaneously, it will protect the nozzle 
orifices against contamination and destruction, 

5 The way in which the holding device 130 is mounted will be 
explained in detail hereinbelow making reference to Fig. 10. 

Fig. 7 shows a further embodiment of a device according to 
the present invention in the case of which an alternative 
10 pressure generating means is used. In Fig. 7 elements which 
are identical to those of Fig. 6 are designated by the same 
reference numerals and will not separately be described once 
more in the following. 

15 In the embodiment shown in Fig. 1 , the pressure generating 
means comprises a tappet 140 and an actor 142 which is opera- 
tively associated therewith. The tappet 140 is attached to 
the cover plate 112 via an elastic sealing ring 136' . The 
elastic sealing ring 136' serves to define a pressure chamber 

20 volume which is sealed from its surroundings and, when the 
tappet 140 is operated by the actor 142, it guarantees an up- 
wardly closed pressure chamber volume of the pressure chamber 
118. The tappet 140 can be fixed mechanically to the actor 
142 or, as schematically shown in Fig. 1 , it may have no 

25 fixed connection. In Fig. 7, a vent hole 144 is additionally 
shown, which is provided in the tappet 140; apart from the 
straight shape shown in Fig. 7, this vent hole 144 may have 
any shape which is suitable for venting the pressure chamber 
118 . 

30 

The tappet 140 can be pressed by means of the actor 142 in 
the direction of the nozzles 104 in a highly dynamic manner, 
whereby the volume of the pressure chamber 118 will be re- 
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duced so that the trapped buffer medium, which is air in the 
case of the preferred embodiment, will be compressed in the 
pressure chamber and the pressure will increase. This has the 
effect that microdroplets are ejected from the nozzle ori- 
5 fices 104. After the ejection of the microdroplets, the de- 
flected tappet 140 is returned to its starting position by 
the resetting force of the elastic sealing means 136' alone. 

The pressure generating means including a tappet 140, as 
10 shown in Fig. 7, has the advantage that, in spite of the fact 
that the capacity of the liquid reservoirs 108 has been en- 
larged by the intermediate plate 110, the volume of the pres- 
sure chamber 118 can be implemented such that it is very 
small. When the pressure chamber 118 contains a gaseous 
15 buffer medium, the compressible volume fraction can be re- 
duced through the smaller chamber volume when pressure is 
built up. It follows that, on the basis of the same temporal 
deflection behaviour of the actor 142, an increased chamber 
pressure can be generated and the velocity of the droplets 
20 can be enhanced, consequently. 

As can be seen in Fig. 6 and 7, through-holes can be provided 
in the dosing-head substrate 102 so that the fluid lines 106 
are conducted alternately on the upper side or on the lower 
25 side of the dosing-head substrate. One through-hole can also 
be arranged directly below the fluid reservoir, as has been 
indicated by reference numeral 146 in Fig. 1. It follows that 
the medium to be dosed can here be conducted on the lower 
side of the substrate. 

30 

Although the embodiments of the present invention described 
hereinbefore are embodiments in the case of which the nozzle 
orifices, the fluid lines, the fluid reservoirs and the means 
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for defining a liquid column are each arranged in a specific 
way in a dosing-head substrate, preferably a silicon sub- 
strate, an intermediate plate or a cover plate, it will be 
obvious to those skilled in the art that the various func- 
5 tional elements can be arranged in the different layers in 
any realizable manner, 

In Fig. 8, for example, an embodiment of the device according 
to the present invention is shown in the case of which the 

10 whole media logistics, i.e. the nozzle orifices, the fluid 
lines and the fluid reservoirs, are arranged in a single sub- 
strate 200 so that any kind of cover plate, the upper one as 
well as the lower one, can be dispensed with. In this case, 
the fluid channels 106 must have a capillary force which is 

15 so high that the liquids to be dosed are retained in these 
channels by this capillary force alone. These fluid lines 106 
are, on the one hand, connected to fluid reservoirs 202 pro- 
vided in the substrate 200 and, on the other hand, they are 
connected to nozzle orifices 104 which are arranged in this 

20 substrate 200. In Fig. 8, just as in Fig. 6 and 1, a respec- 
tive nozzle channel 204 is arranged above the nozzle orifices 
104, and a standpipe 206 is arranged on top of the nozzle 
channel; the nozzle channel 204 and the standpipe 206 define 
together the liquid column of a medium to be dosed at each 

25 nozzle orifice. Alternatively, it can again suffice to pro- 
vide only the nozzle channel 204 as a means for defining a 
liquid column. 

The fluid lines 106 and in particular the areas 106' and 106 
30 ^' thereof, which are formed in the lower and upper surfaces 
of the substrate 200, have depth and width dimensions of such 
a nature that a liquid contained therein will be retained 
therein by a capillary effect alone. A sufficient capillary 
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effect of the fluid lines 106 can be realized by implementing 
these fluid lines such that they have a very small width and^ 
in comparison with their width, a great depth. 

5 In view of the fact that the fluid lines 106 are open towards 
the upper surface and the lower surface, respectively, it 
must, in the case of a substrate of the type shown in Fig. 8, 
be guaranteed that the flow resistance in the through-hole 
208 exceeds the flow resistance of the nozzle orifices 104 to 

10 a sufficient extent so as to guarantee that, by means of the 
pressure generating means, microdroplets will only be ejected 
through the nozzle orifices, but neither through the through- 
hole 208 nor via the fluid lines 106. It follows that a very 
low flow resistance must be realized in the through-hole 208 

15 with a very high production precision. An embodiment showing 
how a through-hole 208 can be produced with very high preci- 
sion will be described in detail hereinbelow making reference 
to Fig, 12. 

20 The pressure generating means shown in Fig. 8 comprises again 
a tappet 140' and an actor 142 associated therewith, the tap- 
pet 140' being operatively connected to the substrate 200 via 
an elastic sealing ring 136' . In the embodiment shown in Fig. 
8, most of the pressure chamber 118' is defined by a recess 

25 in the tappet 140' . In the boundary area 210 which surrounds 
the recess defining the pressure chamber 118' , the tappet 
140' is provided with a circumf erentially extending groove 
212 in which the elastic sealing ring 136' is arranged or 
preferably secured in position. A force can now be applied to 

30 the tappet 140' via the actor 142 so that, by a compression 
of the elastic sealing ring 136', an excess pressure can be 
generated in the pressure chamber 118' ; this excess pressure 
causes an ejection of microdroplets through the nozzle ori- 
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fices 104. It should here be pointed out that the pressure 
chamber 118' need not be fully defined by a recess in the 
tappet 140' , but that optionally or simultaneously the sub- 
strate 200 can additionally be structured so as to contribute 
5 to the formation of the pressure chamber. 

In the embodiment shown in Fig. 8, the pressure generating 
means and the substrate 200 can be implemented as separate 
elements which are adapted to be separated completely from 

10 one another, since the sealing ring 136' need not be con- 
nected to the substrate. Hence, a plurality of carrier sub- 
strates can be supplied one after the other in one production 
series and microdroplets can therefore be applied onto a plu- 
rality of carrier substrates. This applies in the same way to 

15 the embodiment shown in Fig. 7, since a fixed connection be- 
tween the pressure generating means and the dosing head need 
not exist in the case of this embodiment either . 

The dosing-head substrate 200 shown in Fig. 8 can be produced 
20 by conventional micropatterning in silicon, the arrangement 
being, however, also particularly suitable for implementation 
in plastic materials, e.g. a production by means of an em- 
bossing technique. Since the fluid lines are highly capillary 
and open towards one side, any instantaneously existing air 
25 inclusion will, in addition, be forced out of the channel. 
Furthermore, the open channels offer a possibility of di- 
rectly accessing the substrate for the purpose of cleaning. 

As has already been mentioned, the pressure chamber can ei- 
30 ther be structured into the substrate, at least partially, 
and/or it can be formed fully or partly in the head of the 
associated actor, as has been described in connection with 
the tappet 140' making reference to Fig. 8. In the case of 
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this embodiment, which is not provided with any cover plates, 
it is necessary that the substrate through-holes of the fluid 
lines and channels, respectively, have a markedly larger flow 
resistance than the nozzles channels so that, when the pres- 
sure pulse is being triggered, microdroplets will be dis- 
charged only by the nozzle orifices. This can easily be 
achieved by providing the substrate through-holes with an 
opening width whose cross-section is markedly smaller than 
that of the nozzle orifice. In the embodiment according to 
Fig. 8 cover plates can therefore be dispensed with com- 
pletely, a decisive advantage of this embodiment being that 
air inclusions which may perhaps occur during the filling op- 
eration can be forced out by the capillary forces at any 
point of the substrate and escape. This will facilitate the 
filling operation substantially. 

Making reference to Fig. 9A and 9B, one embodiment which 
shows how the nozzles in the lower surface of the dosing-head 
substrate can be implemented will now be discussed in brief . 
20 Fig. 9A shows a bottom view of a possible nozzle structure, 
whereas Fig. 9B shows a schematic cross-sectional view 
thereof. A nozzle orifice 104 is surrounded by a boundary 220 
which projects beyond the lower surface of the dosing-head 
substrate 222 in the case of the embodiment shown. As can ad- 
25 ditionally be seen from Fig. 9A and 9B, a trench structure 
224 is formed in the lower surface 222 of the dosing-head 
substrate; this trench structure surrounds a nozzle orifice 
104 or rather the boundary 220 thereof completely. The trench 
structure 224 is arranged at a specific distance from the 
30 nozzle orifice 104 in such a way that, due to its structural 
depth, the trench 224 is capable of binding by means of cap- 
illary forces superfluous medium occurring at the nozzle ori- 
fice 104. These trenches surrounding the nozzles can also be 
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interconnected in such a way that, by means of capillary 
forces, superfluous liquid will be removed from the nozzle 
area and transported into the outer areas of the dosing head. 

5 Making reference to Fig. 10, the enlarged section a in Fig. 6 
will now be explained in detail; Fig. 10 shows a recess 230 
which is provided in the lower area of the dosing head and 
through which the holding device 130 can be fixed to the dos- 
ing head. Fig. 10 shows that, in the case of this embodi- 

10 ment, this recess, which is formed in the dosing head as a 
circumf erentially extending recess or along certain sections 
thereof, is realized in that the intermediate layer 110 proj- 
ects beyond the dosing-head substrate 102 and the lower cover 
layer 138. A supporting surface is thus formed on the lower 

15 surface 232 of the intermediate layer 110 which rests on the 
holding device 130 in such a way that the plane of the nozzle 
orifices, not shown in Fig. 10, can be positioned at the 
shortest possible distance from a carrier substrate which is 
located therebelow and onto which microdroplets are to be ap- 

20 plied. This permits the carrier substrate to be freely moved 
below the dosing head at a very small distance from the noz- 
zle orifices, but without coming into contact with these noz- 
zle orifices. The holding device 130 can additionally be de- 
signed such that it is able to hold a plurality of dosing 

25 heads so that the respective dosing head which is to be used 
for carrying out the dosing operation in question can be 
moved below an actor simply by manipulating the holding de- 
vice. In addition, the holding device can be implemented such 
that it may also be used as an insert device for application 

30 for the purpose of transferring media from a storage means, 
e.g. a titre plate, to the liquid reservoirs of the dosing 
heads installed in the holding device. It follows that the 
filling of the dosing head as well as the introduction of the 
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full dosing head into the pressure generating means can be 
effected by manipulating the holding device alone. 

Biological liquids are normally transferred by means of pi- 
5 petting systems from a starting format, e.g. the titre plate, - 
to the destination. The medium to be dosed or the liquid 240 
to be dosed is stored in a capillary 242. It will therefore 
be advantageous to provide the liquid reservoirs 108 of a 
dosing head with capillary intermediate bridges 246; a por- 

10 tion of such a dosing head is exemplarily designated by ref- 
erence numeral 244 in Fig. 11. For storing liquid in the cap- 
illary 242, the capillary must be hydrophilic. When it is hy- 
drophilic, the fluid meniscus 248 will curve outwards at the 
end of the capillary 242 so that the capillary intermediate 

15 bridges will destroy the surface of the stored dosing medium 
240 when the pipetting capillary 242 is being attached. It is 
therefore not necessary that the capillary intermediate 
bridges project beyond the surface of the substrate of the 
dosing head 244. The surface tension is overcome in this way 

20 and the medium 240 is drawn into the reservoir structure 246 
which produces a capillary effect. Especially in cases in 
which a multi-channel system is used, e.g. a needle array 
comprising 96 pipetting capillaries, all the reservoirs of 
the dosing head can be filled simultaneously by means of cap- 

25 illary forces in the manner described. 

Finally, a preferred method which can be used for producing a 
substrate through-hole of the type provided in the above- 
described dosing heads of the device according to the present 
30 invention will be described making reference to Fig. 12. Fig. 
12 shows schematically a section of a substrate 250 in the 
upper surface 252 of which a first trench 254 is produced, 
and in the lower surface 256 of which a second trench 258 is 
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produced- The trenches 254 and 258 intersect at a defined an- 
gle. The depth of the trenches 254 and 258 is chosen such 
that, in the area of intersection, a substrate through-hole 
260 is formed whose opening width is essentially defined by 
5 the width of the narrow channels 254 and 258 and by the in- 
tersection angle of the channels 254 and 258. It follows that 
substrate through-holes having a small^ defined opening width 
can be produced in an advantageous manner by the method de- 
scribed. The advantage of such a method is to be seen in the 

10 fact that a small structure^, viz. a narrow, deep channel, has 
to be produced in only one dimension. By producing two such 
channels, the sum of whose depths must be larger than the 
substrate thickness, a substrate through-hole 260 having an 
opening width which is small and defined in two dimensions 

15 will be obtained. This method of producing a small substrate 
through-hole has the additional advantage that the substrate 
through-hole will be tolerant with respect to adjustment er- 
rors of the structures on the front and on the back of the 
substrate. A minor misadjustment of the two structures will 

20 only cause a local displacement of the substrate through- 
hole, but not a change in the opening width. 

The above-described method is particularly suitable for pro- 
ducing substrate through-holes in silicon substrates by means 

25 of conventional photolithographic patterning techniques. Al- 
ternatively, it is, however, also possible to implement sub- 
strate through-holes in substrates consisting of other mate- 
rials, e.g. plastic materials, ceramics and the like, by 
means of arbitrary methods which are suitable for producing 

30 trenches. 

Although the section of the dosing head having the nozzle 
orifices provided therein is formed micromechanically in a 
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silicon substrate in the above-described preferred embodiment 
of the present invention, it is obvious to those skilled in 
the art that the dosing head, i.e. the dosing-head substrate 
as well as the various intermediate layers and cover layers, 
5 can be made of other suitable materials making use of suit- 
able production techniques. The substrate can, for example, 
be made of a plastic material or a ceramic material making 
use of an injection moulding technique or an embossing tech- 
nique. According to another alternative, the substrate can 
10 consist of a metal, a glass or a glass-silicon structure. The 
cover layers and the intermediate layers can advantageously 
consist of a transparent glass, e.g. a Pyrex glass. 
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What is claimed is : 

Claims 

1- A device for applying a plurality of microdroplets onto 
a substrate, comprising: 

a plurality of nozzle orifices — — 104) in a dosing 
head; 

walls g mcana for defining a liquid column of a medium 
(34) to be dosed on each nozzle orifice — (14; — i Q 4 ) ; 



a pressure chamber (30; 110, — 110^ ) which is adapted to 
be filled with a buffer medium and which is arranged in 
such a way that said buffer medium can simultaneously be 
used for applying a pressure to the liquid-column ends 
which are spaced apart from the nozzle orifices — (14; 
104) ; ^trtdt 

20 a pressure generator crGncrating mcanA — f-S-; — ^h^rSr^ — ^^47 — 132, 

1^^' ^^-^^f 3^^^-^ — 1^0^ ) — for applying a pressure to said 

buffer medium in such a way that a plurality of micro- 
droplets will simultaneously be applied onto the sub- 
strate through said plurality of nozzle orifices (14; 

25 ^r04 ^; and 

liqui d reservoirs for the media to be dosed, which are 

in fluid communication with the liquid columns on the 

nozzle orifices. 



A device according to claim 1, wherein the pressure gen- 
erator generating means — is defined by a displacement 

diaphragm — (-8^ and an associated actor — (40) , 
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3. A device according to claim 1, wherein the buffer medium 
is air and wherein the pressure generator generating 
m e ans — includes a compressed-air supply device (122 ) 

5 which is provided with a valve — (124) and which is in 

fluid communication with the pressure chamber — (118) . 

4. A device according to claim 1, wherein the pressure gen- 
erator g e nerating — meana — comprises a tappet — (14 0; — 140^ ) 

10 and an actor — (142) ^ the buffer medium being adapted to 

have a pressure applied thereto by actuating the tappet 
(140; 140^ ) by means of the actor (142) . 

5 . A device according to e^te — er€ — the claima- 1 to — 4-, wherein 
15 the walls m eans — for defining a liquid column on each 

nozzle orifice — (14 ; — 104 ) includes- a channel — (1 5; — 204 ) 
which leads to a respective nozzle orifice — IrhA-t — 10 4 ) and 
which is adapted to be filled by a capillary effect. 

20 A — d e vic e — a ccor d ing — fee — one — of — the — claima — i — =b© — &7 — addi 

tionally compri s ing liquid res e rvoirs — (28 ^ — 55-; — 10 8 ; — 202 ) 
f o r — t^^:e — respectiv e m e dia — to b e — dos e d;^ — e ach — liquid rea e r 

voir (2 8;. 3^ 1 0 8; — 202 ) — b e in g — i^^^ — fluid — e ommuni ca tion 

with a — r e sp e ctiv e — m e ans — for — defining — a — liquid — column — 

25 a n ozzle or ifi c e — (^r4r; — 10 4) . 

6^-?-. A device according to claim wherein the liquid res- 

ervoirs (28^ — 52-; — 10 8 ; — 202 ) — are connected via fluid lines 
(2 6; — 10 6 ) to the means for defining a liquid column, 
30 said fluid lines — (2 6 ; — 10 6)- being implemented such that 

they permit capillary filling of the means for defining 
a liquid column. 
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T^S-. A device according to claim Gfh, wherein the liquid res- 
ervoirs — (28, — 35-; — 108; — 2 02) are arranged in a first pat- 
tern in a first surface of the dosing head and wherein 
the nozzle orifices — ( 1 4 ; — 104 ) are formed in a second 
5 pattern in a second surface of the dosing head located 

opposite said first surface, the first and second pat- 
terns differing from one another in such a way that a 
format conversion takes place between the liquid reser- 
voirs — — 3r2r; — — 202) and the nozzle orifices — Br4-r 
10 104) , 

8^9-- A device according to one of the claime- 1 to 8 , compris- 
ing in addition a vent port m eang — (44; — 144 ) — for venting 
the pressure chamber — (30; — 118; — 118^ ) . 

15 

_9i-0-. A device according to one of the claims- j- 6 to 8 , wherein 
the liquid reservoirs (108) — are formed in a first main 
surface of the dosing head, said first main surface hav- 
ing arranged thereon a cover plate — (112) provided with 
20 one or a plurality of vent holes — (114 ) for the liquid 

reservoirs — ( 108 ) whose cross-sectional area is smaller 
than that of the liquid reservoirs — (108 ) . 

10-Hr. A device according to ofte — o^ — the — claims — 6 — to — 8 — ©if 

25 IrO 1, comprising in addition a cooler c oo ling — meaf^s — for 

cooling the liquid in the liquid reservoirs — ( 10 8 ) . 

1 14r2- . A device according to on e — er€ — th e — claim-s- 1 — te* — Hr, 

wherein the surface of the dosing head having the nozzle 
30 orifices — ( 104 )- formed therein is provided with a cover 

layer — (1 3 8) having an opening in the area of the nozzle 
orifices — (104 ) . 
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12^:9-, A device according to on e — — y^te — claims 1 — fe-e — 3r5-, 

wherein the dosing head is provided with recessed por- 
tions on its lateral edges in the dosing-head surface 
having the nozzle orifices — ( 104 ) formed therein, said 
5 recessed portions being brought into engagement with a 

holding device — (130) . 

13^h4-. A device according to claim 12^, wherein the hold- 

ing device — ( 130 ) is additionally implemented as a device 
10 for applying a supply s t orag e means so as to fill liquid 

reservoirs — (108) provided in the device. 

14^h&. A device according to one — — fet^e — claim-s- 1 — fee — 

additionally comprising trench structures — (224 ) which 
15 surround respective nozzle orifices — (104 ) , said trench 

structures — (224) being implemented for binding by means 
of capillary forces superfluous liquid on the surface 
having the nozzle orifices — ( 1 04 ) formed therein. 

20 15^ r6-. A device according to one — — th e — claims- 1 — fee — 

wherein the plurality of nozzle orifices — (14 ; — 104 ) and 
walls m eans — for defining a liquid column are micro- 
mechanically formed in a silicon substrate f2-; 102 ; 

25 

16^r7-, A device according to claim 15^ir&, wherein also the 

liquid reservoirs (28 ^ — 3^-; — 10 8 ; — 202 ) — and the fluid lines 
(2 6; — 106) — are formed, at least partially, in the silicon 
substrate— e^-; — 102; 200) . 

30 

17^r8-. A device according to claim l_5i-6 — — 1^, wherein the 

pressure chamber — ( 30-; — 118) is defined by a recess — (30) 
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formed in an intermediate plate -<r4~f — 110) — which is ap- 
plied to the silicon substrate — (-2-; — 102) . 

18^, A device according to claim 17^r&, wherein the in- 

5 termediate plate -f4^ — 110) — is additionally patterned so 

as to increase the capacity of the liquid reservoirs 
32; 100) . 

19^-0-- A device according to claim 1^-6 — et^ — 7-, wherein the 

10 liquid reservoirs — (108) are formed in the first surface 

of the dosing head, said liquid reservoirs — (108) having 
arranged therein capillary structures — (24 6 ) , 

202^. A dosing head for a device for applying a plurality 

15 of microdroplets onto a substrate, said device compris- 

ing : 

a plurality of nozzle orifices in a dosing head; 

20 walls for defining a liquid column of a medium to be 

dosed on each nozzle orifice; 

a pressure chamber which is adapted to be filled with 
a buffer medium and which is arranged in such a way 
25 that said buffer medium can simultaneously be used 

for applying a pressure to the liquid-column ends 
which are spaced apart from the nozzle orifices; 

a pressure generator for applying a pressure to said 
30 buffer medium in such a way that a plurality of mi- 

crodroplets will simultaneously be applied onto the 
substrate through said plurality of nozzle orifices; 
and 
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liquid reservoirs for the media to be dosed^ which 
are in fluid communication with the liquid columns on 
the nozzle orifices; 

5 

according — to — efte — of the — claims — 1 — — 47 — said dosing head 
comprising a substrate — (200) having the plurality of 
nozzle orifices — (104) in a first surface thereof, having 
a plurality of liquid reservoirs (202) in a surface 

10 thereof which is located opposite to said first surface, 

and having fluid lines — (10 6 ) which connect respective 
nozzle orifices — (104) to respective liquid reservoirs 
(202 ) and at least part of which is defined by open 
trenches — (106^ , — 10 (5^ ^ ) formed in said first -/■ — or second 

15 surface, said trenches having depth and width dimensions 

of such a nature that a liquid will be retained therein 
by a capillary effect alone. 

21^^, A dosing head according to claim 2 0^^^ wherein the 

20 fluid lines (10 6 ) have substrate through-holes (208 ) 

whose flow resistance is smaller than the flow resis- 
tance defined by a nozzle orifice — (104) -. 

22^. A method of producing a through-hole (208 ^ 2 60) 

25 having a defined cross-sectional area in the substrate 

(200; — 250) of a dosing head according — te — claim 22 , said 
method comprising the steps of: 

producing a first elongate trench structure — (254 ) of de- 
30 fined width and depth in a first surface — (252) of the 

substrate (250) ; 
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producing a second elongate trench structure (250)- of 
defined width and depth in a second surface^fS*^ of the 
substrate-.^^ which is located opposite to said first 
surface, in such a way that said first and second trench 
structures ( 251, 2D0) intersect so that an opening-^^ 
having a defined cross-sectional area is formed in the 
area of intersection. 



■3 — onto — a- 



A mcUi u a o f nii i ., l,in y g r l u^all L , u f mi u. u u plo. 
oubotraLc, n nic l m u Lh u d i-n n ir r i i i u ,j L hu l o lJouing o L.p ^. 

rroducia y a m.rc.Liu . liquid c.u l u. »..-^^^-,,,e.i^,,,,-^^^^_^ 
h e do^ u a o n nnrh u f g plu rn ll L , u f n u . I n n.. iri .. . ( 1 4) , 

nozzl e Qrifl L. c:i — (14) - 



-^^-^^^^^^^^^-^^^^^^fe^^-^ ol^ 24, ,rh nrrii. , l,, li ^ ^^g 
^^^^^^^-^^^^P^^^^fe^e^ ^ fillin y flui . l chanu u l. b, 

at one end of uaeh fluid channel. 
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_ Mothod uiig d c tficc for applying g plurality of micr o Jropleta 

onto a aubatrat e 

ABSTRACT 

A device for device for applying a plurality of microdroplets 
onto a substrate has compriaca a plurality of nozzle orifices 
-H^H— in a dosing head. In addition to walls a mGano for de- 
fining a liquid column of a medium to be dosed on each nozzle 
orifice (14), a pressure chamber (30) is provided, which is 
adapted to be filled with a buffer medium and which is ar- 
ranged in such a way that said buffer medium can simultane- 
ously be used for applying a pressure to the liquid-column 

ends which are spaced apart from the nozzle orifices (14) . 

Finally, — aA pressure generator aencrati na i n ... , . mm — — 4^ ig 
provided for applying a pressure to said buffer medium in 
such a way that a plurality of microdroplets will simultane- 
ously be applied onto the substrate through said plurality of 
nozzle orifices-^Hr4^. Finally, liquid reservoirs for the me- 
d ia to be dosed, which are in fluid communication with the 
liquid columns on the nozzle orifices are provided. 
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Method a nd device for applyin g^a ^luralxt:y of microdrople-bs 

onto a sxibstrate 



Description 

5 

The present invention relates to a device and a method for 
applying a plurality of microdroplets onto a substrate and in 
particular to such a device and such a method which permit 
the simultaneous application of a plurality of microdroplets. 
10 The present invention specially refers to such devices and 
methods which are suitable for producing so-called biochips 
in the case of which a plurality of different analytes is ap- 
plied to a substrate so as to detect different substances in 
an unknown sample . 

15 

The fact that the genomes of human beings, animals and plants 
are deciphered to an increasing extent provides a large num- 
ber of new possibilities ranging from the diagnosis of ge- 
netically conditioned diseases to a much faster search for 

20 pharmaceutically interesting agents. The above-mentioned bio- 
chips will, for example, be used in the future for examining 
food with respect to a large number of possible, genetically 
modified components. In another field of use, such biochips 
can be used for determining the exact genetic defect in the 

25 case of genetically conditioned diseases so as to derive 
therefrom the ideal strategy for treating the disease. 

The biochips which are suitable for such cases of use nor- 
mally consist of a carrier material, i.e. a substrate, having 
30 applied thereto a large number of different substances in the 
form of a raster. Typical raster distances in the array are 
distances between 100 |j,m and 1,000 jim. Depending on the re- 
spective case of use, the large number of different sub- 
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stances on a biochip, which are referred to as so-called ana- 
lytes, ranges from a few different substances to a few 
100,000 different substances per substrate. Each of these 
different analytes can be used for detecting a very specific 
5 substance in an unknown sample. 

When an unknown sample fluid is applied to a biochip, reac- 
tions will occur in the case of specific analytes; these re- 
actions can be detected with the aid of suitable methods, 
e.g. fluorescence detection. The number of different analytes 
on the biochip corresponds to the number of different compo- 
nents in the unknown sample fluid which can simultaneously by 
analyzed by the respective biochip. Such a biochip is a diag- 
nostic tool with the aid of which an unknown sample can be 
examined with regard to a large number of constituents simul- 
taneously and purposefully. 

For applying the analytes to a substrate in order to produce 
such a biochip, three fundamentally different methods are 
20 known for the time being. Depending on the number of biochips 
required and on the necessary number of analytes per chip, 
these methods are used alternatively. 

The first method is referred to as contact printing", a bun- 
25 die of steel capillaries filled with various analytes in the 
interior thereof being used for executing this method. This 
bundle of steel capillaries is stamped onto the substrate. 
When the bundle is taken off, the analytes adhere to the sub- 
strate in the form of microdroplets . In the case of this 
30 method, the quality of the printed pattern is, however, 
strongly determined by the effect of capillary forces and de- 
pends therefore on a large number of critical parameters, 
e.g. the quality and the coating of the surface of the sub- 
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strate, the exact geometry of the nozzle and, primarily, the 
media used. In addition, the method is very susceptible to 
contaminations of the substrate and of the nozzles. The 
method described here is suitable for use in cases where the 
5 number of analytes does not exceed a few hundred per sub- 
strate - 

In a second method for producing biochips, the so-called 
"spotting", so-called microdispensers are normally used, 

10 which, similar to an ink-jet printer, are capable of shooting 
individual microdroplets of a liquid onto a substrate in re- 
sponse to a respective control command. Such a method is re- 
ferred to as ^Mrop-on-demand'' . Microdispensers of this kind 
are commercially available from some firms. The advantage of 

15 this method is to be seen in the fact that the analytes can 
be applied onto a substrate in a contactless manner, the in- 
fluence of capillary forces being then irrelevant. An essen- 
tial problem is, however, that it is very expensive and ex- 
tremely difficult to arrange a large number of nozzles, which 

20 are each supplied with a different medium, in parallel or 
rather in an array. The limiting elements are here the acto- 
rics and the media logistics, which cannot be miniaturized to 
the extent desired. 

25 A third method which is used at present for producing bio- 
chips is the so-called "^synthesis method" in the case of 
which the analytes, which normally consist of a chain of 
linked nucleic acids, are chemically produced on the sub- 
strate, i.e. synthesized. For delimiting the spatial posi- 

30 tions of the various analytes, methods are used which are 
known from the field of microelectronics, e.g. lithographic 
methods with masking techniques. This synthesis method is by 
far the most expensive one among the above-mentioned methods. 
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but it can also be used for producing the greatest variety of 
analytes on a chip, in the order of magnitude of 100,000 dif- 
ferent analytes per substrate. 

It is the object of the present invention to provide a device 
and a method for applying a plurality of microdroplets onto a 
substrate, which permit microdroplets to be applied to a sub- 
strate simultaneously, in a regular pattern, at a reasonable 
price and exactly, as well as a method for use in the produc- 
tion of such a device. 

This object is achieved by the devices according to claims 1 
and 21 and the methods according to claims 23 and 24. 

15 The present invention provides a device for applying a plu- 
rality of microdroplets onto a substrate, the device compris- 
ing a plurality of nozzle orifices in a dosing head. Further- 
more, a means is provided for defining a liquid column of a 
medium to be dosed on each nozzle orifice. A pressure cham- 

20 ber which is adapted to be filled with a buffer medium is ar- 
ranged in such a way that the buffer medium can simultane- 
ously be used for applying a pressure to the liquid-column 
ends which are spaced apart from the nozzle orifices. Fi- 
nally, a pressure generating means is provided for applying a 

25 pressure to the buffer medium in such a way that a plurality 
of microdroplets will simultaneously be applied onto the sub- 
strate through the plurality of nozzle orifices. The pressure 
chamber can be formed in the dosing head, in the pressure 
generating device, or in the dosing head as well as in the 

30 pressure generating device. 



The present invention additionally provides a method for ap- 
plying a plurality of microdroplets onto a substrate in the 
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case of which a respective liquid column of a medium to be 
dosed is first produced on each of a plurality of nozzle ori- 
fices. Subsequently, a pressure is simultaneously applied via 
a buffer medium to the liquid-column ends spaced apart from 
5 the nozzle orifices, so that microdroplets of the media to be 
dosed can simultaneously be ejected from the nozzle orifices. 

The present invention is based on the finding that it is pos- 
sible to apply a plurality of microdroplets simultaneously 

10 onto a substrate by applying to liquid columns positioned on 
nozzle orifices simultaneously a pressure via a common buffer 
medium. The buffer medium is preferably inert in that a short 
pressure pulse applied via this buffer medium will homogene- 
ously be advanced to the liquid columns of all the nozzles, 

15 and that, in addition, a mixing of different media applied to 
the nozzle orifices will be prevented, i.e. the buffer me- 
dium has dosing media-separating properties. 

According to the present invention, the nozzle orifices and 
20 the nozzles, respectively, can be arranged such that they are 
spaced from one another at the same distance at which also 
the fluid droplets are to be applied to the substrate. If the 
nozzles are to be arranged very close to one another, each 
nozzle is preferably connected through a separate media line 
25 to a larger, outwardly arranged reservoir through which each 
nozzle and each nozzle orifice can be supplied with a spe- 
cific liquid. If the distances between the nozzles are, how- 
ever, large enough for supplying the nozzles with liquid by 
means of conventional methods, e.g. by means of standard 
30 automatic pipetting devices, the media lines and the liquid 
reservoirs can be dispensed with; the liquid reservoir can 
then be arranged directly above the nozzle. 
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In order to apply a pressure pulse to the buffer medium ac- 
cording to the present invention, a diaphragm having an actor 
associated therewith is used in preferred embodiments of the 
present invention. However, the pressure pulse can also be 
5 produced in any other imaginable way, e.g. by producing by 
means of a chemical or thermal event an excess pressure in 
the pressure chamber in which the buffer medium is contained. 
A tappet with an associated actor can, for example, be used. 
Furthermore, the pressure generating means may comprise a 
10 compressed-air supply means which is in fluid communication 
with the pressure chamber. 

According to the present invention, the fast pressure pulse 
produced acts homogeneously onto all nozzles and accelerates 
15 the liquid contained in these nozzles. Hence, microdroplets 
can be ejected from a plurality of nozzle orifices simultane- 
ously. In addition, the buffer medium according to the pres- 
ent invention prevents a mixing of different media, when dif- 
ferent media to be dosed are applied to a substrate. 

20 

According to the present invention, the liquid column on the 
nozzle orifices is preferably produced in that the nozzle 
orifice is the outer end of a channel which is adapted to be 
filled by a capillary effect, the liquid column being defined 
25 in said channel. This channel is then preferably connected to 
a liquid reservoir via the fluid connection line in such a 
way that capillary filling of the channel can always be real- 
ized . 

30 It follows that the present invention provides devices and 
methods by means of which microdroplets, in particular micro- 
droplets of biologically relevant substances, can be produced 
and applied onto a substrate in a regular pattern. Further- 
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more, the present invention provides a dosing head for such a 
device for applying a plurality of microdroplets onto a sub- 
strate and a method that can advantageously be used in the 
production of such a dosing head. 

Further developments of the present invention are disclosed 
in the dependent claims . 

In the following, preferred embodiments of the present inven- 
tion will be explained in detail making reference to the 
drawings enclosed, in which: 



Fig. 1 shows schematically a cross-sectional view of an em- 
bodiment of a device according to the present inven- 
15 tion; 

Fig. 2 shows schematically a cross-sectional view of a 
silicon substrate used in the device according to 
Fig. 1; 



Fig- 3 shows schematically a bottom view of the substrate 
shown in Fig. 2; 

Fig. 4 shows a top view of the substrate shown in Fig. 2; 

Fig. 5 shows a schematic cross-sectional view for explain- 
ing an alternative embodiment of a device according 
to the present invention; 



30 Fig. 



6, 1 and 8 show schematic cross-sectional views of fur- 
ther embodiments of devices according to the present 
invention; 
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Fig, 9A and 9B show a schematic bottom view and a schematic 
cross-sectional view for explaining an example of a 
nozzle orifice embodiment; 



5 Fig. 10 shows a schematic, enlarged view of a section a in 
Fig. 6; 



Fig. 11 shows a schematic representation of a liquid reser- 
voir according to one embodiment of the present in- 
10 vention; and 



Fig. 12 shows a schematic representation for illustrating 
the method according to the present invention for 
producing a fluid opening leading from a front to a 
15 back of a fluidic substrate. 



As can be seen in Fig. 1, the depicted embodiment of a device 
for applying a plurality of microdroplets onto a substrate 
consists of a patterned silicon substra 
20 te 2, an intermediate plate 4 applied to the silicon sub- 
strate 2 and a layer 6 which is applied to the intermediate 
plate 4 and which has formed therein a pressure generating 
device in the form of a displacement diaphragm 8. 



25 To begin with, the structural design of the silicon substrate 
2 will be explained in detail especially with respect to Fig. 
2-4, which each show enlarged views of this silicon substrate 
2. As can be seen, a plurality of nozzles having lower nozzle 
orifices 14 are formed in a lower surface of the silicon sub- 

30 strate 2. The nozzles are preferably of such a size that cap- 
illary filling thereof is possible, and, in addition, they 
are micropatterned in the lower surface of the chip 2 in such 
a way that they are exposed relative to the surrounding sili- 
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con surface. In the figures, six juxtaposed nozzles are 
shown, a bottom view of the silicon chip 2 with the nozzle 
orifices 14 structured in the lower surface thereof being 
shown in Fig. 3, where it can be seen that the embodiment 
5 shown comprises twenty-four nozzles. As can also be seen^ the 
nozzles are exposed relative to the surrounding silicon sur- 
face, the surround 24 constituting the outer edge of the 
silicon chip 2. In this connection, it should be pointed out 
that the surround in the representation of Fig. 3 is reduced 
10 in width in comparison with the representation of Fig. 1. 

Above the nozzle orifices 14 of the nozzles, respective chan- 
nels 15 are arranged through which a liquid column can be de- 
fined on top of the nozzle orifice 14 in question. The re- 

15 spective nozzles are connected to media reservoirs 28, which 
are formed in the surface of the silicon chip 2, via media 
lines 26 which can, in particular, be seen in Fig. 4 and in 
the enlarged section 22 in Fig. 2. In this connection, it 
should be pointed out that only two media lines 26 can be 

20 seen in the cross-sectional views of Fig. 1 and 2. As can be 
seen in Fig. 4, twenty-four media reservoirs 28 are connected 
via media lines 26 to the respective nozzles of the silicon 
chip 2. 

25 In the embodiment shown, the media reservoirs 28 are pat- 
terned in the silicon-chip surface located opposite the noz- 
zle orifices 14. The media reservoirs 28 are preferably im- 
plemented such that they can automatically be filled with 
liquids by means of standard automatic pipetting devices. For 

30 this purpose, these media reservoirs may e.g. have identical 
diameters and they may be arranged at identical distances 
from one another like the chambers of a known 348-well micro- 
titre plate. The media lines 26 are preferably implemented 
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such that liquids are drawn from the media reservoirs 28 via 
the media lines through capillary forces to the nozzle ori- 
fices 14. The channels 15 of the closely spaced nozzle ori- 
fices 14 can in this way be supplied via the media lines 26 
5 with liquid from larger reservoirs 28. Hence, a format con- 
version takes place between the media reservoirs 28 and the 
nozzle orifices 14. 

The nozzle orifices 14 shown may have a diameter of e.g. 200 
10 ^im, and also the media lines may have a width of 200 ^im. The 
depicted array of twenty-four nozzles can therefore easily be 
arranged at a mutual distance of 1 mm. The limiting factor 
for the number of nozzles which can be arranged in an array 
is the width of the connecting channels which interconnect 
15 the nozzles and the media reservoirs. These connecting chan- 
nels must be conducted to the outside between the nozzles. If 
the width of these channels is reduced still further, it will 
also be possible to accommodate 48, 96 or an even higher num- 
ber of nozzles on a dosing head. 

20 

In the depicted embodiment of the present invention, an in- 
termediate plate 4 is arranged on the silicon chip 2; this 
intermediate plate 4 is provided with a recess 30 which is 
arranged above the nozzles so that this recess 30 can serve 
25 as a pressure chamber 30 for accommodating a buffer medium. 
The buffer medium arranged in the pressure chamber 30 is 
preferably a gas mixture or an air mixture. 

In the embodiment shown, the intermediate plate 4 is addi- 
30 tionally provided with recesses 32 causing an increase in the 
capacity of the media reservoirs 28 formed in the silicon 
chip 2, so that a larger amount of liquid 34 can be accommo- 
dated. In the embodiment shown, the diaphragm 8 is provided 
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as a pressure generating device on top of the pressure cham- 
ber 30; by means of this diaphragm 8, an excess pressure can 
be produced in the pressure chamber 30. The diaphragm 8 can 
e.g. consist of an elastic foil or of silicon. In order to 
5 simplify the production, this diaphragm can be part of a 
layer 6 which is applied to the upper surface of the interme- 
diate plate 4, the layer 6 being then preferably provided 
with openings in the area of the media reservoirs 28, 32 so 
that these media reservoirs can be refilled - 

10 

In order to produce an abrupt deflection of the displacement 
diaphragm 8, a mechanical device (not shown in Fig. 1) can 
preferably be provided; this mechanical device can be defined 
e.g. by a pneumatic piston which is arranged above the dis- 
15 placement diaphragm 8 as a modular component, without any 
fixed connection to the section of the device according to 
the present invention shown in Fig. 1. Alternatively, the ac- 
tor may also comprise a piezoactor or a purely mechanical 
structure, e.g. a spring. 

20 

Such an actor component is schematically shown in Fig. 5 and 
designated by reference numeral 40; this actor component 40 
can cause a movement along the arrow 42 so as to generate a 
pressure in the pressure chamber 30. As can additionally be 

25 seen in Fig. 5, a vent valve 44 is arranged in the displace- 
ment diaphragm 8 in the embodiment shown, this vent valve be- 
ing used for preventing the liquid volumes arranged in the 
nozzles from being accelerated in the direction of the dis- 
placement diaphragm 8 when the displacement diaphragm 8 re- 

30 laxes- In the embodiment shown in Fig. 5, the vent valve 44 
is shown as an active valve which is closed by the actor 40 
itself, when the displacement diaphragm 8 is displaced so as 
to generate an excess pressure in the pressure chamber 30, 
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whereas it is opened for venting during the return movement 
of the actor component 40. The actor speed is higher than 
the speed of the displacement diaphragm 8 produced by the re- 
laxation of the diaphragm. 

5 

In the following^ the mode of operation of the described de- 
vice according to the present invention will be described. At 
first, the media reservoirs 28, 32 are preferably filled with 
different media which are to be applied onto a substrate; 

10 making use of e.g. a conventional microtitre plate, this 
filling can be effected with the aid of standard automatic 
pipetting devices, as has been explained hereinbefore. Due to 
the media-line and nozzle dimensions provided in the case of 
the preferred embodiment of the present invention, the noz- 

15 zles are now automatically filled up to the lower nozzle ori- 
fices 14 by means of a capillary effect. The pressure chamber 
30 has now arranged therein the buffer medium, e.g. an air 
mixture or a gas mixture; this mixture can consist of the am- 
bient air or of a mixture which is specially introduced 

20 through the opening 42. In any case, the buffer medium has 
media-separating properties with respect to the liquids to be 
dosed so that the media to be dosed will not mix in the pres- 
sure chamber 30. In order to support this media-separating 
property, the upper surface of the chip can be covered with a 

25 hydrophobic layer. It can thus be guaranteed more reliably 
that liquids from different media lines will not be mixed in 
the area of the nozzles. In addition, also the lower surface 
of the chips in which the nozzle orifices are formed may be 
covered with a hydrophobic layer. 

30 

When the nozzles have been filled, preferably by capillary 
effects, up to their orifices with the liquid to be dosed, a 
pressure pulse is caused by the actor 40 so as to generate in 



the pressure chamber 30 a mechanical displacement by the dis- 
placement diaphragm 8. This will have the effect that a homo- 
geneous pressure pulse will propagate in the pressure chamber 
30 through the buffer medium, as shown by the arrows 4 6 in 
Fig. 1. The fast pressure pulse produced acts homogeneously 
on all nozzles and accelerates the liquid columns at the noz- 
zle orifices 14. The liquid in the media lines 26, which rep- 
resents a fluidic parallel circuit to the channels 15 in 
which the liquid columns are arranged, is, due to the higher 
flow resistance, accelerated far less strongly than the vol- 
ume of the liquid columns applied to the nozzle orifices. The 
liquid is therefore ejected through all nozzle orifices 14 
simultaneously. This ejection is caused by the circumstance 
that the buffer medium compressed by the displacement move- 
ment produces an excess pressure in the pressure chamber 30 
due to the expansion tendency thereof. If the nozzles are 
empty or if the excess pressure of the buffer medium has been 
reduced to such an extent that liquid will no longer detach 
itself from the nozzles, the nozzles will refill due to the 
capillary forces acting in the media lines 26. 

Following this, the displacement diaphragm 8 is returned to 
its original position by operating the actor component 40 ac- 
cordingly. In order to avoid a negative pressure, which would 
be generated by the relaxation of the displacement diaphragm, 
in the pressure chamber 30, the vent valve 44 is provided. 
This vent valve permits the pressure chamber to be vented at 
the moment of diaphragm relaxation so that the liquid ar- 
ranged in the nozzles will not be accelerated in the direc- 
tion of the displacement diaphragm 8. When the displacement 
diaphragm 8 has returned to its starting position, the next 
dosing operation can be carried out. 
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Alternatively to the above-described active vent valve 44, 
also a passive valve can be provided, which may e.g. be a 
very small vent hole that may be provided at an arbitrary po- 
sition of the pressure chamber 30. This vent hole can pref- 
5 erably be arranged in the displacement diaphragm as well as 
on the side of the nozzle in silicon. In the case of fast 
diaphragm movements of the type carried out e.g. for ejecting 
the plurality of microdroplets, this vent hole does not per- 
mit pressure compensation, but if the diaphragm relaxes com- 
10 paratively slowly, it will permit pressure compensation thus 
preventing a negative pressure in the pressure chamber so 
that a disadvantageous pressure difference at the nozzles can 
be avoided. 

15 In the above description, the expression nozzle 14 has been 
used for defining an outwardly directed nozzle orifice and a 
means arranged on top of this nozzle orifice for defining a 
liquid column on this nozzle orifice. For ejecting a micro- 
droplet, the buffer medium applies pressure to the liquid- 
20 column which is spaced apart from the nozzle orifice. In or- 
der to increase the liquid volume in the nozzle, i.e. the 
liquid volume of the liquid column, an open standpipe can be 
arranged axially on top of the nozzle orifice in addition to 
the channels provided. These standpipes can be connected to 
25 the media lines via a T-shaped connection close to the noz- 
zle, the media lines interconnecting the nozzles to the re- 
spective media reservoirs as before. The standpipes fill with 
liquid from the media lines due to capillary forces alone. In 
this case, the buffer medium will apply pressure to the 
30 standpipe end which is spaced apart from the nozzles. 

If the standpipes or also the nozzle area can directly be 
filled with liquid by means of conventional methods, e.g. by 
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automatic pipetting devices or by microdispensers or the 
like, the connected reservoirs and the media lines can be 
dispensed with. Otherwise, the outwardly arranged reservoirs, 
which can be seen in the top view of Fig. 4, represent a pre- 
5 ferred embodiment, since they can easily be filled by stan- 
dard automatic pipetting devices and since, by means of these 
reservoirs, possibly provided standpipes can be caused to 
fill automatically through capillary forces. 

10 Preferably, the device for applying a plurality of microdro- 
plets onto a substrate according to the present invention can 
be used for applying a different liquid medium onto the sub- 
strate by means of each nozzle. It is, however, also imagin- 
able that a plurality of nozzles define a group of nozzles 

15 which has then supplied thereto the same liquid via a common 
media line. 

The media lines 26 shown in Fig. 4 are formed side by side in 
the surface of the silicon chip 2- As has been mentioned 

20 hereinbefore, this arrangement of the media lines restricts 
the packing density of the nozzles. In order to be able to 
increase the packing density of the nozzles, it is possible 
to mount a plurality of cover plates and/or intermediate 
plates one on top of the other and to distribute the media 

25 lines then in several planes. When lines are conducted in 
different planes, they can also seemingly intersect, without 
mixing of the liquids in the respective lines taking place. 
In this respect, it should be pointed out that in the area of 
the nozzles the media lines can be conducted as open lines 

30 and they can also be provided with a cover. Open media lines 
are advantageous insofar as they fill within a shorter period 
of time and are more resistant to contamination. Covered me- 
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dia lines are advantageous insofar as cross-contamination be- 
tween different media lines can be reliably excluded. 

As has already been mentioned hereinbefore, any pressure gen- 
5 erating device which is able to apply a pressure pulse to the 
buffer medium can be used. Preferably, a displacement dia- 
phragm is used for this purpose, this displacement diaphragm 
being driven by a suitable actor, e.g. a pneumatic piston, a 
piezoactor or a spring. Due to the compressibility of the 

10 gas, the necessary displacement path depends, on the on hand, 
on the size of the volume in which the buffer medium is ar- 
ranged and, on the other hand, it depends on the size of the 
nozzles; the displacement path should be adjustable via a 
variable actuating path of the actor. When the displacement 

15 diaphragm is implemented as a conductive component, the actor 
can be caused to assume a defined reference position with re- 
spect to the diaphragm via the detection of an electric con- 
tact . 

20 Making reference to Fig. 6, an alternative embodiment of a 
device according to the present invention with a deviating 
pressure generating device will be explained in the follow- 
ing. Fig. 6 shows again a dosing-head substrate 102; in the 
lower surface of this substrate 102, nozzle orificesl04 are 

25 formed, which are connected via fluid lines 106 with liquid 
reservoirs 108 formed in an intermediate layer 110. In the 
embodiment shown, the intermediate layer 110 has arranged 
thereon a cover plate 112 in which vent holes 114 for the 
fluid reservoirs 108 are formed. 

30 

As can be seen in Fig. 6, the cover plate 112 is provided 
with respective recesses 116 in such a way that a respective 
vent hole 114 is provided for a plurality of fluid reser- 
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voirs. In view of the fact that these vent holes are pro- 
vided, no negative pressure will build up in the liquid res- 
ervoirs 108 during the capillary refilling flow of the media 
to be dosed- In order to additionally reduce the evaporation 
5 from the liquid reservoirs 108, the vent holes 114 preferably 
have a smaller cross-sectional area than the reservoir open- 
ings. As can be seen in Fig. 6, this can preferably be 
achieved in that a single vent hole 114 is provided for a 
plurality of liquid reservoirs 108. In order to reduce media 

10 evaporation still further, the cover plate 112 can addition- 
ally be implemented as a cooling means by making this cover 
plate preferably of a material having a good thermal conduc- 
tivity, which is either mechanically connected to special 
cooling elements, e.g. Peltier elements, or which has sup- 

15 plied thereto a pre-cooled liquid through a structured pat- 
tern of channels. Alternatively, the vent holes 114 can also 
be provided in a wound or meandrous design so as to reduce 
the evaporation still further. In addition to the above- 
described effect of a reduced evaporation, the cover plate 

20 112 also leads to a mechanical stabilization of the dosing 
head, since mechanical forces introduced by the actor will be 
absorbed by this cover plate . 

As can be seen in Fig. 6, a recess, which defines a pressure 
25 chamber 118, is defined in the intermediate layer 110 above 
the nozzle orifices 104. The pressure chamber 118 has again 
arranged therein the buffer medium, which is air in the em- 
bodiment shown. At this point reference should be made to the 
fact that the fluid lines 106, which are open towards the 
30 pressure chamber 118 in the areas 120, are preferably imple- 
mented such that a liquid to be dosed is retained therein by 
capillary forces, whereas air is forced out of the fluid 
lines in this way. 
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In the embodiment shown in Fig. 6, the pressure generating 
means includes a compressed-air supply line 122, which is 
provided with a valve 124, so as to apply pressure to the 
5 buffer medium. The compressed-air supply line 122 of the em- 
bodiment shown is secured to a housing plate 128, which can 
be part of a holding device 130, with the aid of a fastening 
means 126, e.g. a screw joint. The compressed-air supply line 
122 is provided with an area 132 of enlarged cross-section 
10 which ends in the pressure chamber 118. The area of enlarged 
cross-section is defined by an insert 134. The insert 134 is 
attached to the cover plate 112 by means of a seal 136, e.g. 
an O-ring, the housing plate 128 being preferably used as a 
pressure plate. By means of the area 132 having an enlarged 
15 cross-section, a defined pressure can be applied to the noz- 
zle orifices 104 arranged at the opposite end of the pressure 
chamber. In other words, the pressure generating means com- 
prises a supply line 122 communicating via an intermediate 
valve 124 with the liquid-column ends which are located in 
20 spaced relationship with the nozzle orifices 104. When the 
supply line 122 is under an output pressure up to the ini- 
tially closed valvel24, opening of the valve will cause an 
inflow of buffer medium, which is air in the case of the pre- 
ferred embodiment, and increase the pressure at the above- 
25 mentioned ends of the liquid columns. The increase in pres- 
sure ends when the valve 124 is closed. Depending on the 
switching time of the valve 124, either only a sub-volume of 
the liquid column or, maximally, the whole filling volumes of 
the columns are discharged through the nozzle orifices 104 
30 onto a target substrate (not shown) in the course of this 
process. When the valve has been closed, pressure reduction 
can be temporally accelerated by opening an additional vent 
channel (not shown in Fig. 6) . 



In Fig. 6, a lower cover layer 138 is additionally shown, 
which is normally very thin so that the substrate onto which 
the microdroplets are to be applied can be positioned at the 
shortest possible distance from the plane of the nozzle ori- 
fices 104 during the dosing operation. The lower cover layer, 
which is provided with an opening in the area of the nozzle 
orifices 104, can be used for retaining the liquids in the 
fluid lines and, simultaneously, it will protect the nozzle 
orifices against contamination and destruction. 

The way in which the holding device 130 is mounted will be 
explained in detail hereinbelow making reference to Fig. 10. 

Fig. 7 shows a further embodiment of a device according to 
the present invention in the case of which an alternative 
pressure generating means is used. In Fig. 7 elements which 
are identical to those of Fig. 6 are designated by the same 
reference numerals and will not separately be described once 
more in the following. 

In the embodiment shown in Fig. 7, the pressure generating 
means comprises a tappet 140 and an actor 142 which is opera- 
tively associated therewith. The tappet 140 is attached to 
the cover plate 112 via an elastic sealing ring 136' . The 
elastic sealing ring 136' serves to define a pressure chamber 
volume which is sealed from its surroundings and, when the 
tappet 140 is operated by the actor 142, it guarantees an up- 
wardly closed pressure chamber volume of the pressure chamber 
118. The tappet 140 can be fixed mechanically to the actor 
142 or, as schematically shown in Fig. 7, it may have no 
fixed connection. In Fig. 7, a vent hole 144 is additionally 
shown, which is provided in the tappet 140; apart from the 
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straight shape shown in Fig. 7, this vent hole 144 may have 
any shape which is suitable for venting the pressure chamber 
118. 

5 The tappet 140 can be pressed by means of the actor 142 in 
the direction of the nozzles 104 in a highly dynamic manner, 
whereby the volume of the pressure chamber 118 will be re- 
duced so that the trapped buffer medium, which is air in the 
case of the preferred embodiment, will be compressed in the 
10 pressure chamber and the pressure will increase. This has the 
effect that microdroplets are ejected from the nozzle ori- 
fices 104. After the ejection of the microdroplets, the de- 
flected tappet 140 is returned to its starting position by 
the resetting force of the elastic sealing means 136' alone. 

15 

The pressure generating means including a tappet 140, as 
shown in Fig. 7, has the advantage that, in spite of the fact 
that the capacity of the liquid reservoirs 108 has been en- 
larged by the intermediate plate 110, the volume of the pres- 

20 sure chamber 118 can be implemented such that it is very 
small. When the pressure chamber 118 contains a gaseous 
buffer medium, the compressible volume fraction can be re- 
duced through the smaller chamber volume when pressure is 
built up. It follows that, on the basis of the same temporal 

25 deflection behaviour of the actor 142, an increased chamber 
pressure can be generated and the velocity of the droplets 
can be enhanced, consequently. 

As can be seen in Fig. 6 and 7, through-holes can be provided 
30 in the dosing-head substrate 102 so that the fluid lines 106 
are conducted alternately on the upper side or on the lower 
side of the dosing-head substrate. One through-hole can also 
be arranged directly below the fluid reservoir, as has been 



indicated by reference numeral 146 in Fig. 7. It follows that 
the medium to be dosed can here be conducted on the lower 
side of the substrate. 

Although the embodiments of the present invention described 
hereinbefore are embodiments in the case of which the nozzle 
orifices, the fluid lines, the fluid reservoirs and the means 
for defining a liquid column are each arranged in a specific 
way in a dosing-head substrate, preferably a silicon sub- 
strate, an intermediate plate or a cover plate, it will be 
obvious to those skilled in the art that the various func- 
tional elements can be arranged in the different layers in 
any realizable manner. 

In Fig. 8, for example, an embodiment of the device according 
to the present invention is shown in the case of which the 
whole media logistics, i.e. the nozzle orifices, the fluid 
lines and the fluid reservoirs, are arranged in a single sub- 
strate 200 so that any kind of cover plate, the upper one as 
well as the lower one, can be dispensed with. In this case, 
the fluid channels 106 must have a capillary force which is 
so high that the liquids to be dosed are retained in these 
channels by this capillary force alone. These fluid lines 106 
are, on the one hand, connected to fluid reservoirs 202 pro- 
vided in the substrate 200 and, on the other hand, they are 
connected to nozzle orifices 104 which are arranged in this 
substrate 200. In Fig. 8, just as in Fig. 6 and 7, a respec- 
tive nozzle channel 204 is arranged above the nozzle orifices 
104, and a standpipe 206 is arranged on top of the nozzle 
channel; the nozzle channel 204 and the standpipe 206 define 
together the liquid column of a medium to be dosed at each 
nozzle orifice. Alternatively, it can again suffice to pro- 
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vide only the nozzle channel 204 as a means for defining a 
liquid column. 

The fluid lines 106 and in particular the areas 106' and 106 
5 ^' thereof, which are formed in the lower and upper surfaces 
of the substrate 200, have depth and width dimensions of such 
a nature that a liquid contained therein will be retained 
therein by a capillary effect alone. A sufficient capillary 
effect of the fluid lines 106 can be realized by implementing 
10 these fluid lines such that they have a very small width and, 
in comparison with their width, a great depth- 

In view of the fact that the fluid lines 106 are open towards 
the upper surface and the lower surface, respectively, it 

15 must, in the case of a substrate of the type shown in Fig. 8, 
be guaranteed that the flow resistance in the through-hole 
208 exceeds the flow resistance of the nozzle orifices 104 to 
a sufficient extent so as to guarantee that, by means of the 
pressure generating means, microdroplets will only be ejected 

20 through the nozzle orifices, but neither through the through- 
hole 208 nor via the fluid lines 106 . It follows that a very 
low flow resistance must be realized in the through-hole 208 
with a very high production precision. An embodiment showing 
how a through-hole 208 can be produced with very high preci- 

25 sion will be described in detail hereinbelow making reference 
to Fig- 12. 

The pressure generating means shown in Fig. 8 comprises again 
a tappet 140' and an actor 142 associated therewith, the tap- 
30 pet 140' being operatively connected to the substrate 200 via 
an elastic sealing ring 136' . In the embodiment shown in Fig. 
8, most of the pressure chamber 118' is defined by a recess 
in the tappet 140' . In the boundary area 210 which surrounds 
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the recess defining the pressure chamber 118' , the tappet 
140' is provided with a circumf erent ially extending groove 
212 in which the elastic sealing ring 136' is arranged or 
preferably secured in position. A force can now be applied to 
5 the tappet 140' via the actor 142 so that, by a compression 
of the elastic sealing ring 136' , an excess pressure can be 
generated in the pressure chamber 118'; this excess pressure 
causes an ejection of microdroplets through the nozzle ori- 
fices 104. It should here be pointed out that the pressure 
10 chamber 118' need not be fully defined by a recess in the 
tappet 140', but that optionally or simultaneously the sub- 
strate 200 can additionally be structured so as to contribute 
to the formation of the pressure chamber. 

In the embodiment shown in Fig. 8, the pressure generating 
means and the substrate 200 can be implemented as separate 
elements which are adapted to be separated completely from 
one another, since the sealing ring 136' need not be con- 
nected to the substrate- Hence, a plurality of carrier sub- 
strates can be supplied one after the other in one production 
series and microdroplets can therefore be applied onto a plu- 
rality of carrier substrates. This applies in the same way to 
the embodiment shown in Fig. 1, since a fixed connection be- 
tween the pressure generating means and the dosing head need 
not exist in the case of this embodiment either - 

The dosing-head substrate 200 shown in Fig. 8 can be produced 
by conventional micropatterning in silicon, the arrangement 
being, however, also particularly suitable for implementation 
30 in plastic materials, e.g. a production by means of an em- 
bossing technique. Since the fluid lines are highly capillary 
and open towards one side, any instantaneously existing air 
inclusion will, in addition, be forced out of the channel. 
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Furthermore, the open channels offer a possibility of di- 
rectly accessing the substrate for the purpose of cleaning. 

As has already been mentioned, the pressure chamber can ei- 
5 ther be structured into the substrate, at least partially, 
and/or it can be formed fully or partly in the head of the 
associated actor, as has been described in connection with 
the tappet 140' making reference to Fig. 8. In the case of 
this embodiment, which is not provided with any cover plates, 

10 it is necessary that the substrate through-holes of the fluid 
lines and channels, respectively, have a markedly larger flow 
resistance than the nozzles channels so that, when the pres- 
sure pulse is being triggered, microdroplets will be dis- 
charged only by the nozzle orifices. This can easily be 

15 achieved by providing the substrate through-holes with an 
opening width whose cross-section is markedly smaller than 
that of the nozzle orifice. In the embodiment according to 
Fig. 8 cover plates can therefore be dispensed with com- 
pletely, a decisive advantage of this embodiment being that 

20 air inclusions which may perhaps occur during the filling op- 
eration can be forced out by the capillary forces at any 
point of the substrate and escape. This will facilitate the 
filling operation substantially. 

25 Making reference to Fig. 9A and 9B, one embodiment which 
shows how the nozzles in the lower surface of the dosing-head 
substrate can be implemented will now be discussed in brief. 
Fig. 9A shows a bottom view of a possible nozzle structure, 
whereas Fig. 9B shows a schematic cross-sectional view 

30 thereof. A nozzle orifice 104 is surrounded by a boundary 220 
which projects beyond the lower surface of the dosing-head 
substrate 222 in the case of the embodiment shown. As can ad- 
ditionally be seen from Fig. 9A and 9B, a trench structure 



224 is formed in the lower surface 222 of the dosing-head 
substrate; this trench structure surrounds a nozzle orifice 
104 or rather the boundary 220 thereof completely. The trench 
structure 224 is arranged at a specific distance from the 
nozzle orifice 104 in such a way that, due to its structural 
depth, the trench 224 is capable of binding by means of cap- 
illary forces superfluous medium occurring at the nozzle ori- 
fice 104. These trenches surrounding the nozzles can also be 
interconnected in such a way that, by means of capillary 
forces, superfluous liquid will be removed from the nozzle 
area and transported into the outer areas of the dosing head. 

Making reference to Fig. 10, the enlarged section a in Fig. 6 
will now be explained in detail; Fig. 10 shows a recess 230 
which is provided in the lower area of the dosing head and 
through which the holding device 130 can be fixed to the dos- 
ing head. Fig. 10 shows that, in the case of this embodi- 
ment, this recess, which is formed in the dosing head as a 
circumferentially extending recess or along certain sections 
thereof, is realized in that the intermediate layer 110 proj- 
ects beyond the dosing-head substrate 102 and the lower cover 
layer 138. A supporting surface is thus formed on the lower 
surface 232 of the intermediate layer 110 which rests on the 
holding device 130 in such a way that the plane of the nozzle 
orifices, not shown in Fig. 10, can be positioned at the 
shortest possible distance from a carrier substrate which is 
located therebelow and onto which microdroplets are to be ap- 
plied. This permits the carrier substrate to be freely moved 
below the dosing head at a very small distance from the noz- 
zle orifices, but without coming into contact with these noz- 
zle orifices. The holding device 130 can additionally be de- 
signed such that it is able to hold a plurality of dosing 
heads so that the respective dosing head which is to be used 
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for carrying out the dosing operation in question can be 
moved below an actor simply by manipulating the holding de- 
vice. In addition, the holding device can be implemented such 
that it may also be used as an insert device for application 
5 for the purpose of transferring media from a storage means, 
e.g. a titre plate, to the liquid reservoirs of the dosing 
heads installed in the holding device. It follows that the 
filling of the dosing head as well as the introduction of the 
full dosing head into the pressure generating means can be 
10 effected by manipulating the holding device alone. 

Biological liquids are normally transferred by means of pi- 
petting systems from a starting format, e.g. the titre plate, 
to the destination. The medium to be dosed or the liquid 240 

15 to be dosed is stored in a capillary 242. It will therefore 
be advantageous to provide the liquid reservoirs 108 of a 
dosing head with capillary intermediate bridges 24 6; a por- 
tion of such a dosing head is exemplarily designated by ref- 
erence numeral 244 in Fig. 11. For storing liquid in the cap- 

20 illary 242, the capillary must be hydrophilic. When it is hy- 
drophilic, the fluid meniscus 248 will curve outwards at the 
end of the capillary 242 so that the capillary intermediate 
bridges will destroy the surface of the stored dosing medium 
240 when the pipetting capillary 242 is being attached. It is 

25 therefore not necessary that the capillary intermediate 
bridges project beyond the surface of the substrate of the 
dosing head 244. The surface tension is overcome in this way 
and the medium 240 is drawn into the reservoir structure 246 
which produces a capillary effect. Especially in cases in 

30 which a multi-channel system is used, e.g. a needle array 
comprising 96 pipetting capillaries, all the reservoirs of 
the dosing head can be filled simultaneously by means of cap- 
illary forces in the manner described. 
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Finally, a preferred method which can be used for producing a 
substrate through-hole of the type provided in the above- 
described dosing heads of the device according to the present 
5 invention will be described making reference to Fig. 12. Fig. 
12 shows schematically a section of a substrate 250 in the 
upper surface 252 of which a first trench 254 is produced, 
and in the lower surface 256 of which a second trench 258 is 
produced. The trenches 254 and 258 intersect at a defined an- 

10 gle. The depth of the trenches 254 and 258 is chosen such 
that, in the area of intersection, a substrate through-hole 
260 is formed whose opening width is essentially defined by 
the width of the narrow channels 254 and 258 and by the in- 
tersection angle of the channels 254 and 258. It follows that 

15 substrate through-holes having a small, defined opening width 
can be produced in an advantageous manner by the method de- 
scribed. The advantage of such a method is to be seen in the 
fact that a small structure,, viz. a narrow, deep channel/ has 
to be produced in only one dimension. By producing two such 

20 channels, the sum of whose depths must be larger than the 
substrate thickness, a substrate through-hole 260 having an 
opening width which is small and defined in two dimensions 
will be obtained. This method of producing a small substrate 
through-hole has the additional advantage that the substrate 

25 through-hole will be tolerant with respect to adjustment er- 
rors of the structures on the front and on the back of the 
substrate. A minor misadjustment of the two structures will 
only cause a local displacement of the substrate through- 
hole, but not a change in the opening width. 

30 

The above-described method is particularly suitable for pro- 
ducing substrate through-holes in silicon substrates by means 
of conventional photolithographic patterning techniques. Al- 
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ternatively, it is, however, also possible to implement sub- 
strate through-holes in substrates consisting of other mate- 
rials, e.g. plastic materials, ceramics and the like, by 
means of arbitrary methods which are suitable for producing 
5 trenches . 

Although the section of the dosing head having the nozzle 
orifices provided therein is formed micromechanically in a 
silicon substrate in the above-described preferred embodiment 

10 of the present invention, it is obvious to those skilled in 
the art that the dosing head, i.e. the dosing-head substrate 
as well as the various intermediate layers and cover layers, 
can be made of other suitable materials making use of suit- 
able production techniques. The substrate can, for example, 

15 be made of a plastic material or a ceramic material making 
use of an injection moulding technique or an embossing tech- 
nique. According to another alternative, the substrate can 
consist of a metal, a glass or a glass-silicon structure. The 
cover layers and the intermediate layers can advantageously 

20 consist of a transparent glass, e.g. a Pyrex glass. 



Claims 



A device for applying a plurality of microdroplets onto 
a substrate^ comprising: 

a plurality of nozzle orifices (14; 104) in a dosing 
head; 

a means for defining a liquid column of a medium (34) to 
be dosed on each nozzle orifice (14; 104); 

a pressure chamber (30; 118; 118') which is adapted to 
be filled with a buffer medium and which is arranged in 
such a way that said buffer medium can simultaneously be 
used for applying a pressure to the liquid-column ends 
which are spaced apart from the nozzle orifices (14; 
104) ; and 

a pressure generating means (8; 122, 124, 132, 134; 140, 
142; 140') for applying a pressure to said buffer medium 
in such a way that a plurality of microdroplets will si- 
multaneously be applied onto the substrate through said 
plurality of nozzle orifices (14; 104) . 

A device according to claim 1, wherein the pressure gen- 
erating means is defined by a displacement diaphragm (8) 
and an associated actor (40) . 

A device according to claim 1, wherein the buffer medium 
is air and wherein the pressure generating means in- 
cludes a compressed-air supply device (122) which is 
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provided with a valve (124) and which is in fluid commu- 
nication with the pressure chamber (118) . 

A device according to claim 1, wherein the pressure gen- 
erating means comprises a tappet (140; 140') and an ac- 
tor (142), the buffer medium being adapted to have a 
pressure applied thereto by actuating the tappet (140; 
140') by means of the actor (142). 

A device according to one of the claims 1 to 4, wherein 
the means for defining a liquid column on each nozzle 
orifice (14; 104) includes a channel (15; 204) which 
leads to a respective nozzle orifice (14; 104) and which 
is adapted to be filled by a capillary effect. 

A device according to one of the claims 1 to 5, addi- 
tionally comprising liquid reservoirs (28, 32; 108; 202) 
for the respective media to be dosed, each liquid reser- 
voir (28, 32; 108; 202) being in fluid communication 
with a respective means for defining a liquid column on 
a nozzle orifice (14; 104) . 

A device according to claim 6, wherein the liquid reser- 
voirs (28, 32; 108; 202) are connected via fluid lines 
(2 6; 106) to the means for defining a liquid column, 
said fluid lines (26; 106) being implemented such that 
they permit capillary filling of the means for defining 
a liquid column. 

A device according to claim 7, wherein the liquid reser- 
voirs (28, 32; 108; 202) are arranged in a first pattern 
in a first surface of the dosing head and wherein the 
nozzle orifices (14; 104) are formed in a second pattern 



in a second surface of the dosing head located opposite 
said first surface^ the first and second patterns dif- 
fering from one another in such a way that a format con- 
version takes place between the liquid reservoirs (28, 
32; 108; 202) and the nozzle orifices (14; 104) . 

A device according to one of the claims 1 to 8, compris- 
ing in addition a vent means (44; 144) for venting the 
pressure chamber (30; 118; 118')- 

A device according to one of the claims 6 to 8, wherein 
the liquid reservoirs (108) are formed in a first main 
surface of the dosing head, said first main surface hav- 
ing arranged thereon a cover plate (112) provided with 
one or a plurality of vent holes (114) for the liquid 
reservoirs (108) whose cross-sectional area is smaller 
than that of the liquid reservoirs (108) • 

A device according to one of the claims 6 to 8 or 10, 
comprising in addition a cooling means for cooling the 
liquid in the liquid reservoirs (108) . 

A device according to one of the claims 1 to 11, wherein 
the surface of the dosing head having the nozzle ori- 
fices (104) formed therein is provided with a cover 
layer (138) having an opening in the area of the nozzle 
orifices (104) . 

A device according to one of the claims 1 to 12, wherein 
the dosing head is provided with recessed portions on 
its lateral edges in the dosing-head surface having the 
nozzle orifices (104) formed therein, said recessed por- 
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tions being brought into engagement with a holding de- 
vice (130) . 

14. A device according to claim 13, wherein the holding de- 
5 vice (130) is additionally implemented as a device for 

applying a storage means so as to fill liquid reservoirs 
(108) provided in the device* 

15. A device according to one of the claims 1 to 14, addi- 
10 tionally comprising trench structures (224) which sur- 
round respective nozzle orifices (104) , said trench 
structures (224) being implemented for binding by means 
of capillary forces superfluous liquid on the surface 
having the nozzle orifices (104) formed therein . 

15 

16. A device according to one of the claims 1 to 15, wherein 
the plurality of nozzle orifices (14; 104) and the means 
for defining a liquid column are micromechanically 
formed in a silicon substrate (2; 102; 200) . 

20 

17. A device according to claim 16, wherein also the liquid 
reservoirs (28, 32; 108; 202) and the fluid lines (26; 
106) are formed, at least partially, in the silicon sub- 
strate (2; 102; 200) . 

25 

18. A device according to claim 16 or 17, wherein the pres- 
sure chamber (30; 118) is defined by a recess (30) 
formed in an intermediate plate (4, 110) which is ap- 
plied to the silicon substrate (2; 102) . 

30 

19. A device according to claim 18, wherein the intermediate 
plate (4; 110) is additionally patterned so as to in- 



crease the capacity of the liquid reservoirs (28, 32; 
108) . 

A device according to claim 6 or 7, wherein the liquid 
reservoirs (108) are formed in the first surface of the 
dosing head, said liquid reservoirs (108) having ar- 
ranged therein capillary structures (246) • 

A dosing head for a device according to one of the 
claims 1 to 4, comprising a substrate (200) having the 
plurality of nozzle orifices (104) in a first surface 
thereof, having a plurality of liquid reservoirs (202) 
in a surface thereof which is located opposite to said 
first surface, and having fluid lines (106) which con- 
nect respective nozzle orifices (104) to respective liq- 
uid reservoirs (202) and at least part of which is de- 
fined by open trenches (106', 106") formed in said 
first / or second surface, said trenches having depth 
and width dimensions of such a nature that a liquid will 
be retained therein by a capillary effect alone. 

A dosing head according to claim 21, wherein the fluid 
lines (106) have substrate through-holes (208) whose 
flow resistance is smaller than the flow resistance de- 
fined by a nozzle orifice (104) . 

A method of producing a through-hole (208; 260) having a 
defined cross-sectional area in the substrate (200; 250) 
of a dosing head according to claim 22, said method com- 
prising the steps of: 



producing a first elongate trench structure (254) of de- 
fined width and depth in a first surface (252) of the 
substrate (250); 



producing a second elongate trench structure (258) of 
defined width and depth in a second surface (256) of the 
substrate (250) which is located opposite to said first 
surface, in such a way that said first and second trench 
structures (254, 258) intersect so that an opening (260) 
having a defined cross-sectional area is formed in the 
area of intersection. 

A method of applying a plurality of microdroplets onto a 
substrate, said method comprising the following steps: 

producing a respective liquid column of a medium (34) to 
be dosed on each of a plurality of nozzle orifices (14); 

simultaneously applying to the liquid-column ends spaced 
apart from the nozzle orifices (14) a pressure via a 
buffer medium in such a way that microdroplets of the 
media to be dosed are simultaneously ejected from said 
nozzle orifices (14) . 

A method according to claim 24, wherein the liquid col- 
umns are produced by filling fluid channels by means of 
capillary forces, a nozzle orifice (14) being arranged 
at one end of each fluid channel- 
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Method and device for applyxng a pluralx'ty of mlcrodroplets 

on-to a subs'tra'te 

Abstract 

5 

A device for device for applying a plurality of microdroplets 
onto a substrate comprises a plurality of nozzle orifices 
(14) in a dosing head. In addition to a means for defining a 
liquid column of a medium to be dosed on each nozzle orifice 

10 (14) , a pressure chamber (30) is provided, which is adapted 
to be filled with a buffer medium and which is arranged in 
such a way that said buffer medium can simultaneously be used 
for applying a pressure to the liquid-column ends which are 
spaced apart from the nozzle orifices (14) . Finally, a pres- 

15 sure generating means (8, 40) is provided for applying a 
pressure to said buffer medium in such a way that a plurality 
of microdroplets will simultaneously be applied onto the sub- 
strate through said plurality of nozzle orifices (14) . 
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